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Fifty Years of Boundary-Layer Theory 
and Experiment 


Hugh L. Dryden 
Nationdl Advisory Committee for Aeronautics, Washington 25, D.C. 


HE year 1954 marked the 50th anniversary 

of the Prandtl boundary-layer theory from 

which we may date the beginning of man’s 

understanding of the dynamics of real fluids. 
A backward look at this aspect of the history of the 
last 50 years may be instructive. This paper (1) at- 
tempts to compress the events of those 50 years into 
a few thousand words, to tell in this brief space the 
interesting story of the development of a new con- 
cept, its slow acceptance and growth, its spread from 
group to group within its country of origin, and its 
diffusion to other countries of the world. 

The original brief paper of Prandtl (2) was pre- 
sented at the Third International Mathematical Con- 
gress at Heidelberg in 1904 and published in the 
following year. It was an attempt to explain the 
d’Alembert paradox, namely, that the:neglect of the 
small friction of air in the theory resulted in the 
prediction of zero resistance to motion. Prandtl set 
himself the task of computing the motion of a fluid 
of small friction, so small that its effect could be 
neglected everywhere except where large velocity dif- 
ferences were present or a cumulative effect of fric- 
tion oceurred. This led to the concept of boundary 
layer, or transition layer, near the wall of a body im- 
mersed in a fluid stream in which the velocity rises 
from zero to the free-stream value. It is interesting 
that Prandtl used the term Grenzschicht (boundary 
layer) only once and the term Ubergangsschicht 
(transition layer) seven times in the brief article. 
Later writers also used Reibungsschicht (friction 
layer), but most writers today use Grenzschicht 
(boundary layer). 

Prandtl made a few qualitative experiments in a 
water tank 1.5 m long with a partition midway be- 
tween the surface and the bottom and a paddle wheel 
at one end to produce flow. Photographs were taken 
of mica particles on the surface of the water illus- 
trating separation around various obstacles. In one 
experiment he removed the boundary layer by suc- 
tion through a slot, demonstrating that separation 
occurred only when a boundary layer was present. 

The first decade produced only seven papers, all 
from the Gottingen group. Three graduate students 
made computations of the flow: Blasius (3) for a flat 
plate and Boltze (4) for a body of revolution in 1908, 
and Hiemenz (5) for separation on a cireular cylin- 
der in 1911. Prandtl (6) applied the concept to heat 
transfer in 1910. Tépfer (7), a mathematician, re- 
fined the computations of Blasius. In 1914 Prandtl 
(8) explained the critical Reynolds number of the 


18 Marcu 1955 


sphere, which had been observed by Eiffel, as due to 
transition of the flow in the boundary layer from 
laminar to turbulent. 

Thus, in the first 10 years, there were five workers 
in the boundary-layer field, all at Géttingen. Th. von 
Karman, who came to Géttingen in 1906 and was 
graduate assistant from 1908 to 1912, gives us a de- 
lightful anecdote of those days in his most recent 
book, Aerodynamics—Selected Topics in the Light of 
Their Historical Development (Cornell Univ. Press, 
1954). He tells how Hiemenz found oscillating flow 
behind the cylinder on which he was trying to meas- 
ure pressure distribution and separation point for 
comparison with boundary-layer theory. Von Karman 
thought that if the flow always oscillates, the phe- 
nomenon must have a natural and intrinsic reason. 
He thus became interested in the stability of the 
vortex street. In all this period there were no direct 
observations or experiments on the boundary layer 
itself. Every result was indirect, inferred from the 
gross aspects of the flow. 

World War I produced a blank in the record of 
publications on boundary layers. G. I. Taylor, quite 
independently of Prandtl’s boundary-layer theory, in 
a paper (9) written in 1916 but given general pub- 
lication in 1920, applied the concept of the laminar 
sublayer in the turbulent flow in a pipe or near a 
plate to problems of heat transfer and skin friction. 
Prandtl lost his graduate students to military service. 
Von Karman went to Aachen in 1912 but returned 
to Austria for the period of the war. Following the 
war, the Aachen group under von Karman took up 
boundary-layer theory. The Zeitschrift fiir Ange- 
wandte Mathematik und Mechanik was founded in 
1921, and its first volume contains five papers on 
boundary layers. Many of them were the result of 
work completed during the war. Von Karman (10) 
proposed his well-known integral equation for ap- 
proximate computation of the development of bound- 
ary layers along a surface, and K. Pohlhausen (11) 
applied the method to several cases, using a poly- 
nomial approximation for the velocity distribution. 
E. Pohlhausen (12) computed heat transfer. Prandtl 
and his group became interested in the origin of 
turbulence, beginning a program that was to con- 
tinue intensively for many years. Noether (13) sum- 
marized the state of knowledge on this subject at the 
time. Tietjens’ dissertation (74) on stability of lami- 
nar flow was written in 1922, and Prandtl (15) pub- 
lished a paper on the subject. In this year the pre- 
cursor of the Congresses of Applied Mechanics was 
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held in Innsbruck. The first formal congress was held 
at Delft in 1924. Here Burgers (16) reported the 
first experimental observations of the velocity distri- 
bution within the boundary layer of a plate. They 
were made by his student, B. G. van der Hegge Zijnen 
(17). Von Karman (18) gave a general lecture on 
the origin of turbulence. Heisenberg’s paper (19) on 
stability of flow appeared. Tollmien’s dissertation 
(20) was published. It dealt with the growth of the 
laminar boundary layer on a rotating cylinder on 
suddenly starting from rest. 

Thus in the second decade, six years were lost as a 
result of the war. But now three groups, Gottingen, 
Aachen, and Delft, were interested. The origin of 
turbulence was the key theoretical problem. Zeit- 
schrift fiir angewandte Mathematik und Mechanik 
was started. The first experiments had been made on 
the boundary layer itself. It had required 20 years to 
reach this point. 

In 1925 Dénch’s experiments (21) on divergent 
and convergent channels appeared, Tietjens’ work 
(22) was published, and Bairstow (23) recomputed 
the boundary-layer flow of a flat plate. In 1926 Toll- 
mien (24) tackled the problem of the turbulent wake, 
and Ackeret (25) that of control of the boundary 
layer by suction. The Second International Congress 
for Applied Mechanics was held at Zurich, and von 
Karman visited the United States. In 1927 von Mises 
(26) suggested the use of the stream function as one 
of the independent variables in boundary-layer com- 
putations,; and Prandtl (27) published various for- 
mulas for skin friction of a flat plate computed from 
data on pipes. 

In 1928 Hansen (28) at Aachen repeated the Delft 
experimental measurements of velocity distribution in 
the laminar boundary layer of a plate. Thom (29) 
and Fage (30) in England computed the boundary 
layer over the front part of a cylinder at various 
Reynolds numbers. B. M. Jones (31) began his in- 
terest in boundary-layer problems in a classic paper 
on “The streamline aeroplane.” Schrenk (32) made 
experiments on wings with boundary-layer suction. 
In 1929 Prandtl turned to the influence of stabilizing 
forces on turbulence (33) and the role of turbulence 
in technical hydrodynamics (34). Elias (35) made ex- 
periments on heat transfer on a plate. Levi-Civita 
(36) of Italy wrote on some consequences of the 
boundary-layer theory. Two British papers (37) 
showed the increasing interest in Great Britain. Toll- 
mien’s paper (38) on stability of laminar boundary 
layers appeared. Nikuradse’s work (39) on conver- 
gent and divergent channels was published. 

The year 1930 was the year of the Stockholm Con- 
gress. I am told by a friend who was at Aachen at 
the time that the Aachen group worked intensively in 
preparation for the congress, feeling a keen sense of 
competition with the Géttingen group and an ex- 
pectaney of important results. Von Karmin’s paper 
(40) on “Mechanical similarity and turbulence” ap- 
peared during the year, and a new computation (41) 
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of turbulent skin friction on a plate was presented 
at the congress, under the same title. Prandtl had ob- 
tained essentially the same formula, but von Karman’s 
work was published first. In the fall of 1930 von 
Karman became director “Of the Guggenheim Aero- 
nautical Laboratory at the California Institute of 
Technology. 

In 1930 there also appeared papers by Betz (42) 
and Wilcken (43) on the turbulent boundary layer on 
eurved walls, Schlichting’s work (44) on wakes, and 
measurement of heat transfer by Elias (45). Gold- 
stein (46), and Falkner and Skan (47) in Great 
Britain presented the so-called “similar” solutions of 
the boundary-layer equations. Green (48) made 
further computations for the cylinder. The group at 
the National Bureau of Standards entered the field 
with a paper (49) on the effect of turbulence in wind- 
tunnel experiments, using the compensated hot-wire 
anemometer described (50) earlier. 

In 1931 the first survey of the field was published 
by Tollmien in the Handbuch der Experimental Phy- 
sik. Buri (51) and Gruschwitz (52) tackled the devel- 
opment of the turbulent boundary layer when it was 
subjected to pressure gradients. Falkner and Skan 
(53) and Fage and Falkner (54) presented improved 
methods for the laminar boundary layer under pres- 
sure gradients. Betz (55) commented on the von 
Karman similarity hypothesis ,and Schrenk published 
another paper (56) on boundary-layer suction. 

In 1932 Prandtl (57) further treated the turbulent 
boundary layer, Schlichting (58) wrote on the sta- 
bility of the Couette flow, periodic flows in boundary 
layer (59), and the origin of turbulence in a rotating 
cylinder (60). E. Schmidt (61) published schlieren 
pictures of thermal boundary layers. G. I. Taylor 
(62) produced his vorticity and heat-transport theory. 
Clark Millikan (63) gave the theory of the boundary 
layer on a body of revolution. Croeeo (64) applied 
boundary-layer theory to sheat-transfer problems. 

Schlichting’s comprehensive paper (65) on’ the 
origin of turbulence appeared in 1933. This year also 
marked the demonstration by Schiller and Linke (66) 
of transition in the free vortex layer behind a cylin- 
der at low Reynolds number. Schlichting (67) com- 
puted the spread of a laminar jet, and Goldstein (68) 
treated the problem of the two-dimensional wake. 

In the last year of this decade, the Institute of the 
Aeronautical Sciences was founded, the Durand vol- 
umes on Aerodynamic Theory appeared, and the 
Fourth International Congress for Applied Mechanics 
was held at Cambridge, England. The first flight 
measurements on a boundary layer were reported by 
Stiiper (69). Lyon (70) in England and Moore (71) 
in the United States described further work on the 
boundary layer on a body of revolution. Fediaevsky’s 
(72) and Frankl’s (73) papers on the turbulent boun- 
dary layer were published. Schmidbauer (74) com- 
puted turbulent boundary layers on curved walls. Von 
Karman and Mullikan (75) published a theory of the 
laminar boundary layer with separation. I presented 
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to the Congress of Applied Mechanics new experi- 
mental measurements (76) on boundary-layer flow 
near a plate, including hot-wire measurements of 
velocity fluctuations. 

In this third decade there were five or six papers 
per year. Interest had spread to Great Britain, the 
United States, and Italy. Progress had been made on 
the analysis of laminar and turbulent boundary layers 
under pressure gradients, on analysis of the boundary 
layer on bodies of revolution, on jets and wakes, and 
on the theory of stability. Additional experimental 
work had been accomplished on the details of boun- 
dary-layer flow on flat plates. 

The fourth decade began with the Volta Congress 
in 1935, at which the first paper on the boundary 
layer in compressible flow was presented by Buse- 
mann (77). During this year Tollmien (78) described 
the influence on stability of an inflection in the veloc- 
ity-distribution curve, and Schlichting (79) computed 
the amplitude distribution in unstable boundary-layer 
oscillations. Tomotika (80) computed the laminar 
boundary layer on a sphere. Howarth (81) improved 
the ealeulations for the cylinder. A most important 
paper (82) was Schubauer’s on measurements of air 
flow in a separating laminar boundary layer on an 
elliptic cylinder. These measurements became the 
erucial sieve to separate good from bad approxima- 
tions in laminar boundary-layer computations. An 
ellipse of axis ratio 2.96 to 1 has become internation- 
ally known as Schubauer’s ellipse. Almost immedi- 
ately the theory of von Karman and Millikan was 
applied to it by Millikan (83) and by von Doenhoff 
(84) independently. 

In 1936 the Volta Congress report became available 
with von Kérmién’s ideas on the compressible boun- 
dary layer. Homann (85) solved the problem of flow 
at a stagnation point. Goldstein and Rosenhead (86), 
Preston and Piercy (87), and Howarth (88) con- 
tinued the development of methods of computation 
for laminar boundary layers. The National Bureau 
of Standards published the full report (89) on ex- 
perimental measurements of the flat-plate boundary 
layer. G. I. Taylor (90) gave a theory of the effect 
of turbulence on transition in boundary layers. 

In 1937 there appeared an extensive report (91) 
from the National Bureau of Standards group on the 
effect of intensity and scale of turbulence which con- 
firmed Taylor’s theory and by inference contradicted 
the stability theory of the Gottingen group. The effect 
of curvature on transition was reported (92) from 
experiments by the Clauser twins at the California 
Institute of Technology. Frankl and Voishel (93) at- 
tacked the compressible turbulent boundary layer. 
Hartree (94) and Sutton (95) continued the perennial 
subject of laminar boundary-layer calculations. 

In 1938 the Goldstein volumes, Modern Develop- 
ments in Fluid Dynamics, came upon the scene as the 
compendium of existing knowledge. The Fifth Inter- 
national Congress of Applied Mechanics was held at 
Cambridge, Massachusetts. Melvill Jones (96) gave 


18 Marcn 1955 


the first Wright Brothers lecture on “Flight experi- 
ments on the boundary layer.” Von Karman and Tsien 
(97) treated the boundary layer in a compressible 
fluid. 

World War II apparently did not interrupt the de- 
velopment, although the dissemination of information 
was largely restricted to the country of origin. It be- 
comes impractical to continue to list all of the im- 
portant contributions year by year. In 1939 I gave 
the second Wright Brothers lecture (98) on “Turbu- 
lence and the boundary layer,” a review of the con- 
tributions of the group at the National Bureau of 
Standards up to that time In 1940 there were many 
important developments in Germany not known in 
other countries until much later. Hohistein and Bohlen 
(99) developed improved methods for laminar boun- 
dary-layer calculations. Hantzsche and Wendt (100) 
made further progress with compressible laminar lay- 
ers, Schlichting (101) with stability theory for boun- 
dary layers with pressure gradient, Gortler (102) 
with stability of flow past curved walls. Schultz- 
Grunow (103) made experiments that demonstrated 
the lack of equivalence of turbulent flat-plate and 
pipe-velocity distributions by careful experiments for 
the two cases. Prondtl and von Karman has assumed 
the distributions to be the same. In Switzerland 
Ackeret, Ras, and Pfenninger’s work (104) on boun- 
dary-layer control through suction slots was disclosed. 

In 1941 Emmons and Brainerd (105) applied high- 
speed computers to the compressible laminar boun- 
dary-layer problem. Stability-theory effort continued 
in Germany in 1941 and 1942 with applications to 
boundary layers with pressure gradient (106) and 
suction (107). 

In 1943 Schubauer and Skramstad published in a 
confidential report (108) their classic experiments 
which fully confirmed the stability theories of the 
Géttingen school when the turbulence of the wind- 
tunnel air stream is low. This report was not made 
available in unclassified form until 1946. Mangler 
(109) discussed the “similar” solutions; Liepmann 
(110) deseribed experiments on transition on curved 
walls. 

In 1944 Iglisch (111) and Ulrich (112) computed 
the laminar boundary layer on a plate with suction. 
Schaefer (113) described solutions for a plate with 
suction with power law and exponential free-stream 
velocity variation with distance. Wieghardt (114) 
checked experimentally that increasing turbulence for 
flow near a plate would change the velocity profile 
of plate to that of pipe flow. 

In the fourth decade there were about 14 papers per 
year. The laminar boundary-layer development and 
its stability were fairly well understood with corre- 
lated theoretical and experimental results. The tur- 
bulent boundary layer was not understood, but em- 
pirical procedures were available. Some empirical in- 
formation on transition had been obtained. Numerous 
investigations had been made of the influence of com- 
pressibility. Boundary-layer suction for drag reduc- 
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tion was under active study. Only two-dimensional 
boundary layers and boundary layers on bodies of 
revolution had been treated. 

The work that has been discussed so far is pri- 
marily that thought worthy of mention in Durand’s 
Aerodynamic Theory, Goldstein’s Modern Develop- 
ments in Fluid Mechanics, and the recent book Grenz- 
schichttheorie by Schlichting, published in 1951. To 
obtain a picture of the more recent effort, the critical 
reviews in Applied Mechanics Reviews were inspected. 
An attempt was made to select the work that dealt 
with theory and with experiments aimed at under- 
standing the boundary layer itself, but admittedly 
the selection of titles is somewhat arbitrary. To these 
were added more recent papers in the current jour- 
nals. The total was 561 papers, beginning with 43 in 
1948, and 40, 68, 87, 95, 100, and 128 (part of 1954) 
in the succeeding years. This leaves a gap of a few 
years between the end of the first 40 years and the 
establishment of Applied Mechanics Reviews which 
has been covered by reference to Schlichting’s book 
and other sources. The remaining discussion is by sub- 
ject headings that are not mutually exclusive but are 
suggestive of the major fields of activity. 

Strange as it may seem, the story of the laminar 
incompressible boundary layer is not exhausted with 
about 70 papers in this area reviewed in 6 years. 
Schlichting adopted Howarth’s 1938 computation of 
the Blasius distribution for the flat plate without 
pressure gradient so that this bit may be regarded as 
closed. However, Mangler (115) proposed a two-para- 
meter method for approximate calculations for the 
pressure-gradient case, and Wieghardt (116) carried 
through the procedure using both momentum and 
energy theorems and a polynomial of the 11th degree 
for the velocity distribution. Walz (117) proposed to 
return to a one-parameter family by abandonment of 
one of the boundary conditions that had always been 
regarded as essential. There has been little new ex- 
perimental work, but the fine interferograms of 
Ladenberg and Bershader (178) should perhaps be 
mentioned. 

The laminar compressible case continues to be of 
great interest. Again the papers deal mainly with 
approximate theories. Variable fluid properties have 
been introduced into the computations and further 
application made of high-speed computing machines. 
About 60 papers have been reviewed in Applied Me- 
chanics Reviews, but of these only five present experi- 
mental data. 

The turbulent incompressible boundary layer re- 
ceives considerable attention with about 45 papers. 
Experimental investigations of the National Bureau 
of Standards group under Schubauer (119, 120), of 
Townsend (121) at Cambridge, England, and of Lud- 
wieg and Tillmann (722) in Germany have contrib- 
uted much to our understanding of the structure and 
statistical aspects of turbulent boundary layers. There 
have been some refinements in empirical methods of 
calculating their development under pressure gra- 
dients. 
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About 35 papers on the turbulent compressible 
boundary layer were reviewed. Mention may be made 
of the similarity theories of Lin and Shen (123) and 
of the study of integral methods by Libby, Mordu- 
chow, and Bloom (124). The theoretical and experi- 
mental work by Chapman, Rubesin, and their co- 
workers (125) has added much to our knowledge of 
this field. 

The phenomena of separation in both laminar and 
turbulent and in both compressible and incompressible 
boundary layers, with and without heat transfer, 
although not in all combinations, account for some 30 
papers. The experiments of Ackeret, Feldmann, and 
Rott (126) and of Liepmann (127) are now well 
known, as are the experiments of Schubauer and 
Klebanoff (119) on the separation of the turbulent 
incompressible layer. An interesting experimental 
study is that of Bursnall and Loftin (728) on local- 
ized regions of laminar separation, which has been 
continued by Gault (129). 

Hypersonic boundary layers account for some 15 
papers, and this is a field of growing interest. 

Stability and transition form the principal topic of 
about 70 papers, with special attention in recent years 
to the compressible boundary layer and the effects of 
heating and cooling. The effects of roughness and wall 
waviness on transition are of renewed interest. 

Hammerlin, a student of Gértler, has reeomputed 
(130) the stability limits for concave walls and con- 
firmed Gortler’s old result as correct, although a new 
computation by Meksyn (137) had given somewhat 
different results. New experiments have been made on 
the nature of transition by Emmons (132) and by 
Evvard (133) and his colleagues. Dunn and Lin (134) 
have reopened the question of the stabilizing effect of 
cooling by showing that compressible boundary layers 
may be more sensitive to three-dimensional disturb- 
ances than to the two-dimensional disturbances for 
which the caleulations have been made. 

About 70 papers deal with the more specifie appli- 
eations of the boundary-layer concept to the heat- 
transfer problem. The work of Tifford and his co- 
workers (135) on laminar heat transfer deserves spe- 
cial mention, as does that of R. A. Seban, 8S. Levy, 
and their colleagues (136) 

Control of the boundary layer by suction is still a 
very active subject, with some 40 reviews. Area suc- 
tion and suction through slots for control of separa- 
tion and for drag reduction are represented. 

There are many papers that do not fit the categories 
selected for discussion, about 35 in number. I shall 
mention only the beautiful experiments of Dhawan 
(137) on the direct measurement of skin friction and 
the studies of the general mathematical character of 
solutions of the Navier-Stokes equations, with special 
reference to boundary layers and shock waves, that 
have been carried out by Lagerstrom and his col- 
leagues (138) at California Institute of Technology. 

Most of the work referred to previously dealt with 
boundary layers in two-dimensional flow. There are 
about 10 reviews on axisymmetric boundary layers. 
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The more difficult study of flow in three-dimensional 
boundary layers was begun by Prandtl (139) in 1945. 
I shall not diseuss this subject, represented by about 
40 papers, since W. R. Sears has recently reviewed 
this field in an article (140) in Applied Mechanics 
Reviews, except to mention the important Mangler 
transformation published in 1948 (141). This makes 
possible the determination of a two-dimensional boun- 
dary-layer flow that is equivalent to a given axially 
symmetric boundary-layer flow. It is valid both for 
compressible and incompressible boundary layers. 

There are some 10 reviews dealing with boundary 
layers on spinning bodies. There are also a few papers 
on boundary layers with a gas or liquid injected into 
the layer through a porous surface. There are about 
15 papers on boundary layers in oscillating or other 
nonstationary flow. 

If one examines the statistical picture of the whole 
50 years, there are of the order of 800 papers written 
by 500 authors. Half of the papers were written by 
less than 100 of the authors. About one-third of these 
highly productive authors are experimentalists, the 
other two-thirds deal with theory. The theoretical 
workers write about 1.5 times as many papers per 
worker as the experimentalists. The current total rate 
of production of papers is about 10 papers per month, 
nearly 9 times the rate immediately preceding World 
War II. Such rough statisties are interesting but may 
be misleading. Papers such as those on the Tollmien- 
Schlichting theory of the stability of the laminar 
boundary layer and on the Schubauer-Skramstad ex- 
perimental confirmation are very rare indeed. 

The growth of interest in the new concept of 
Prandtl during the first 30 years was very slow, partly 
because of slow communication to groups in other 
countries and partly because there was no direct ex- 
perimental evidence of its correctness. Measurements 
of flow within the boundary layer had to await the 
development of hot-wire anemometers and very small 
pressure probes. There was, however, a more impor- 
tant factor in the initial slow growth. Early papers 
were mainly doctoral dissertations, and many of the 
authors turned to other fields after receiving their 
degrees. There was no engineering or technologie ae- 
tivity in industry to employ them to apply or to ex- 
tend their knowledge of boundary-layer flow. Only 
when the aeronautical industry reached a relatively 
advanced state of engineering development were prac- 
tical applications found. Then the boundary-layer 
concept was fruitful, mot only for computation of skin 
friction and flow separation, but also for unifying 
and clarifying experimental data from wind-tunnel 
and flight experiments. The expansion of aeronautics 
stimulated basic research; it also provided a demand 
for engineers and scientists familiar with theoretical 
and experimental aspects of flow in boundary layers. 

Along with successful application in aeronautical 
engineering, the boundary-layer concept diffused into 
other engineering fields—mechanical engineering, hy- 
dranlie engineering, and chemical engineering. Simi- 
larly, studies of heat transfer, diffusion, and evapora- 
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tion in moving fluids were greatly aided by knowledge 
of boundary-layer flow. These developments interacted 
to produce an almost exponential growth of interest 
in research on boundary-layer flow within the past 
decade. The progress of the new concept has been 
very great, and the intense activity of the present 
leads us to hope for further advances in understand- 
ing and application in the near future. 
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News and Notes 


Southwestern and Rocky Mountain 
Division 1955 Meeting 


The Southwestern and Rocky Mountain Division of 
the AAAS will hold at least part of its annual meet- 
ing, 24 Apr—4 May, in historic Santa Fe, N.M. In- 
cluded in the events scheduled for the period are 
visits, planned by the local committee on arrange- 
ments, to various museums such as the Laboratory of 
Anthropology, the Hall of Ethnology, the Museum 
of International Folk Art, and the Palace of the Gov- 
ernors as well as trips to the Indian ruins and modern 
villages and the interesting and unique Santa Fe 
shops. 

Sessions of the various sections devoted to the pres- 
entation of scientifie papers will be held 24-26 Apr. 
Registration, starting 24 Apr., will continue through- 
out the meeting. A dinner will be held Sunday eve- 
ning followed by addresses of welcome, and on Mon- 
day evening the annual dinner will be climaxed by 
the Powell lecture to be given this year by Paul B. 
Sears .of Yale University, president-elect of the 
AAAS. The business meeting for the election of 
officers will be held Tuesday afternoon at an hour 
early enough to permit arrival in Albuquerque in time 
for dinner by those who plan to attend the Interna- 
tional Arid Meetings, which the Division is cospon- 
soring with the AAAS. 

The International Arid Lands Meetings, 26-29 
Apr., are a culmination of the activities of the Divi- 
sion’s committee on arid lands which succeeded, with 
the aid of the national officers, in obtaining financial 
aid from the National Science Foundation, the Rocke- 
feller Foundation, and UNESCO. (See Science, 11 
Feb. 1955, or The Scientific Monthly, March 1955, 
for details. See ad in this issue for registration and 
housing.) 

Because Santa Fe is well provided with hotel and 
motel facilities, guests are asked to make their own 
housing arrangements, either directly or through local 
chambers of commerce. Advance registration for din- 
ners should be made with E. Boyd at the Museum of 
New Mexico in Santa Fe by 15 Apr. 

It has been 20 years since the Division met in Santa 
Fe, but the choice of this city is a felicitous one for 
such an organization. It is situated on the southwest 
slope of the Sangre de Christo range which, with the 
Jemez range to the west, comprises the most southerly 
extension of the Rocky Mountain system. The Santa 
Fe River flows through the city and joins the Rio 
Grande some 20 mi to the southwest. The Jemez 
Plateau with its spectacularly eroded voleanie and 
sedimentary deposits extends from the Jemez range 
to the Rio Grande varying from 10 to 20 mi in width 
with a north-south extension of 40 mi. El Valle 
Grande, a huge voleaniec basin, or caKlera, is enclosed 
by numerous prominent Jemez peaks, between which 
the floor of the Rio Grande Valley lies some 5500 ft 
above sea level. 
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Historically, Santa Fe extends in time back to 
1609-10 and prehistorically to a background as yet 
incompletely studied. Vestiges of both historie and 
prehistoric cultures abound to furnish the visitor with 
a wealth of scientific data. Among other particularly 
interesting Santa Fe landmarks are the prehistoric 
and the living pueblos. 

The area’s vegetation zones range from Sonoran 
with cottonwoods and willows, juniper and pinon, 
sages, yuccas, and cacti through the Transition zone 
(western yellow or ponderosa pines, lanceheaded cot- 
tonwood, and so forth), and the Canadian (Douglas 
tree, western white pine, fir, spruce, and aspen) to 
the Hudsonian (Englemann spruce, dwarf willow, 
and Siberian juniper), and into the Arctic-Alpine 
zone (which is treeless with low matted vegetation). 
Zoologist and geologist, too, will find a wealth of 
material, ranging from living creatures to interesting 
fossil deposits. 

For all the registrants, there is the added interest 
of the nearness of Los Alamos, only an hour’s drive 
to the west, and the fact that all this Santa Fe area 
has recently become of nationwide interest because of 
uranium prospecting there. 

F. E. E. GerMAnn 
University of Colorado, Boulder 


Science News 


Chromosome numbers have been recorded for only 
a very few species of Primates. Of the catarrhine or 
Old World pithecoid primates, only three species, 
namely, man (Homo sapiens), a chimpanzee (Pan 
calvus), and the rhesus monkey (Macaca mulatta), 
have been reported on; and 48 chromosomes have 
been claimed for all three of these animals. C. D. 
Darlington and A. Haque [Nature 175, 32 (1 Jan. 
1955) ], using newer techniques, have confirmed the 
chromosome number 48 for man, but have found only 
42 chromosomes in each of three species of Old World 
monkeys: the Guinea baboon (Papio papio), the pig- 
tailed macaque (Macaca nemestrinus), and the rhesus 
monkey (M. mulatta). They found that the chromo- 
somes of man and monkeys are generally not unlike. 
The three species of monkeys, however, are alike in 
two respects in which they differ from man: (i) They 
lack the pair with median centromeres which is the 
largest pair in man, and (ii) they have a Y chromo- 
some that is much smaller than the human Y.—W.L.S., 
JR. 


The loyalty case of John P. Peters, professor of 
medicine at Yale University [Science 119, 500 (16 
Apr. 1954) ; 120, 415 (10 Sept. 1954) ] is soon to be 
reviewed by the U.S. Supreme Court. On 3 Mar. the 
Justice Department submitted a brief to the Court 
urging that it uphold Peters’ dismissal as a consultant 
for the National Institutes of Health because there 
was “reasonable doubt” of his loyalty. The brief, 
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signed by Herbert Brownell, Jr., U.S. Attorney Gen- 
eral, said that Government employees are not en- 
titled to judicial review of their dismissals and that 
the security of the country might be endangered if 
employees charged with disloyalty are permitted to 
confront their accusers. 

An earlier brief filed last January on behalf of 
Peters, who has denied under oath that he was a 
Communist, urged the court to find the Government 
loyalty program unconstitutional. Peters contends 
that the constitutional guarantee of due process of 
law requires that he be informed of the nature of 
the derogatory matter being used against him and 
of the identity of those who placed it in the record. 
He states that he was not given an opportunity to 
defend himself against “unsworn, second-hand state- 
ments to the F.B.I.” provided by unnamed informants. 

The Justice Department brief emphasizes that the 
Government’s security operations depend heavily on 
“undereover agents, paid informers and easual in- 
formers” whose anonymity must be guaranteed. In 
contrast, President Eisenhower said in a speech in 
1953 that the right to meet one’s aceuser “face to 
face” was a basic American privilege that could not 
be taken away. 


The Atomic Energy Commission and the American 
Society of Mechanical’ Engineers will share the cost of 
a $25,000 engineering project to develop information 
about high-temperature piping. The investigations will 
be performed by the AEC’s Knolls Atomie Power 
Laboratory, Schenectady, New York, which is oper- 
ated by the General Electric Co. The ASME, on be- 
half of American industry, will contribute $10,000, 
and a group of ASME technical experts will be avail- 
able at no cost to the Government for consultations in 
the programing and evaluation of the work. 

The project will continue studies of thermal fatigue 
in ductile metals that were originally undertaken by 
the AEC to aid in the construction of reactors. General 
engineering information applicable to heat-transfer 
systems will be developed that will be of future bene- 
fit to the AEC program. Private industry has an im- 
mediate need for data in this area, and the society has 
undertaken to sponsor the work for this reason. The 
testing facilities to be used and the results obtained 
will be unelassified. The work, which is to be per- 
formed under contract between the ASME and the 
General Electric Co., will be directed by L. F. Coffin, 
Jr. 


Under the sponsorship of the U.S. Department of 
Agriculture, there was organized a year ago a National 
Conference on FAO (Food and Agriculture Organiza- 
tion of the United Nations). The main objective of 
the conference is to arrange a meeting of its members 
and the appropriate U.S. officials (departments of 
Agriculture and State) to inform members of the 
conference of the problems, policies, and programs 
that are currently being considered by FAO. The 
views and suggestions of the members of the confer- 
ence on these questions are invited. 
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The conference is made up of representatives of 
nongovernmental organizations interested in FAO, 
such as national farm organizations, agricultural 
marketing groups, private agencies concerned with 
foreign aid programs, ané scientific societies whose 
members are taking part in technical-assistance pro- 
grams related to agriculture. 

When the AAAS was invited to send a representa- 
tive to the conference, the board of directors ap- 
pointed Noble Clark, associate director of the Agri- 
cultural Experiment Station, University of Wiscon- 
sin. He advises that current policy issues include such 
questions as the following. 

1) What portion of the U.S. funds for technical 
agricultural assistance should be administered directly 
by the United States, and what by the international 
organization, FAO? 

2) Should the assistance to other nations from the 
United States directly, or through FAO, continue 
along the same general lines as at present, or should 
more emphasis be placed on technical aid and re- 
search in building up the local educational agencies, 
in contrast to giving funds for economic assistance? 

3) Should the United States welcome larger par- 
ticipation and over-all supervision of technical-aid 
programs and budgets by the officials of the United 
Nations in New York, or would it be preferable to 
have our Government make essentially all of its tech- 
nical-aid grants directly to the specialized agencies 
such as FAO, UNESCO, and WHO? 

Clark will weleome suggestions and comments, par- 
ticularly from those who have had firsthand experience 
in serving as technical advisers in other nations. 


The American Institute for Biological Sciences and 
the American Psychological Association are among 
the six organizations recently admitted to the U.S. 
National Commission for UNESCO. Sixty national 
organizations are represented on the commission. 


In connection with the Inter-American Medical Con- 
vention, held in Panama, Republie of Panama, during 
observance of the 50th anniversary of the beginning 
of the Panama Canal, Charles M. Gratz, Greenwich, 
Conn., delivered an address dealing with orthopedic 
and traumatic surgery. Associate professor of clinical 
surgery at New York Medical College and Flower 
Fifth Avenue Hospital and associate attending ortho- 
pedie surgeon at New York University and New York 
City Hospitals, Gratz was also a member of the Pan 
Ameriean Flying Clinic which, in 1930, introduced 
certain new orthopedic and traumatic advances in 11 
inter-American countries. 

In his address Gratz paid tribute to the work in 
Panama of General Gorgas and his medical associates, 
which “not only made the building of the Panama 
possible but established «a foundation on which 
preventive medicine has been built.” 

Since 1930 when medical pioneers, including Gratz 
himself, began “preventive surgery” to parallel the 
work in preventive medicine, the blending of pioneer 
traumatic limb-saving techniques with modern ortho- 
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pedie and rehabilitation surgery has resulted in sus- 
tained progress along with the successful transplanta- 
tion of biochemical and living suture techniques from 
the United States and Canada. The study of human 
locomotion and the biomechanies of surgery is not of 
interest only to the surgeon, Gratz pointed out, but to 
the engineer and the biologist as well. During World 
War II, all three groups joined to make biomechanics 
a key to the saving of lives of combat aerial person- 
nel, but the biomechanical program was planned for 
civilian safety as well as the safety of military per- 
sonnel. Some of the results were rearward seating in 
aireraft and vehicular crash research. 

Gratz also reviewed the development of fascial and 
capsular surgery, studies of the functional mechanics 
of the soft tissues, and modern methods of treating 
fractures. He stated that he believed that bone graft- 
ing with living suture fixation will be used in the 
surgery of the future instead of metal splice plates, 
rivets, and bone plates, particularly because hardware 
is not only subject to corrosion and electrolytic action, 
but also to engineering stresses, and beeause of the 
problem of treating patients in which infection has oc- 
eurred around hardware. 

Gratz concluded his address, which was reprinted 
in the Connecticut State Medical Journal [18, 12 
(1954)] by stating that the role of biomechanies, 
human kinetics, and biological enigneering is best 
visualized in the words of Arthur Steindler: 

. . We see at long last with great satisfaction 
that kinetics of the human body has come into its 
own, It is to be expected that this will be a major 
issue in the future when the kinetics of the human 
body becomes fully accepted in clinical practice; 
when it is given equal rank with anatomy and pathol- 
ogy; and when it is finally realized that without this 
ancillary science no orthopedic training can be called 
adequate. 


An engineering evaluation of a nuclear power plant 
system using liquid metal as fuel is under way at the 
Atomic Energy Commission’s Brookhaven National 
Laboratory in Upton, N.Y. The evaluation or feasibil- 
ity study is being conducted by Babeock and Wilcox 
Co., New York, for a group of 17 organizations, 14 of 
them industrial. 

Preliminary designs for the system, known as 
Liquid Metal Fuel Reactor, were developed by Brook- 
haven. The system is intended to generate electric 
power, “breed” new fuel for itself, and deliver by- 
products to waste tanks—all in continuous processes. 
It would provide the first usage of a liquid metal alloy, 
in this case uranium-bismuth, as the fuel stream to 
interconnect continuous processes. 

Seventeen scientists and engineers, working full 
time, and several more part-time consultants are 
engaged in the work; a preliminary report will be 
submitted 1 Apr. and a final one 30 June. Under a 
lump-sum contract, Babeock and Wileox will receive 
$72,500 for supplying over-all administration, super- 
vision of the comprehensive analysis of Brookhaven 
data, and preparation of the detailed report. Glen J. 
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Schoessow of Babcock and Wilcox is heading the 
study group, and Robert T. Schomer is in charge at 
Upton. Clarke Williams is chairman of the Brook- 
haven nuclear engineering department, which de- 
veloped the LMFR scheme. 


On 16 Feb. the American Society of Mechanical 
Engineers celebrated its 75th anniversary with a cere- 
mony that took place in the auditorium of the Me- 
Graw-Hill Publishing Co. in New York. Some 30 peo- 
ple participated in the founding meeting on the same 
date in 1880; the society now has a membership of 
40,000 engineers in North America. 


Scientists in the News 


Three anthropologists, W. Duncan Strong of Co- 
lumbia University, W. W. Howells of Harvard Uni- 
versity, and Robert Redfield of the University of Chi- 
cago received Viking Fund medals during the 9th an- 
nual dinner of the Wenner-Gren Foundation for An- 
thropological Research, Inc., in New York on 4 Mar. 

Strong was selected as medalist in archaeology by 
the Society for American Archaeology “for the stimu- 
lation he has given projects ..., for the breadth of 
his attainments, and for the outstanding students he 
has developed.” 

Howells was chosen by the American Association of 
Physical Anthropologists to receive the medal in 
physical anthropology in recognition of his studies on 
physical differentiation and his editorial contributions. 

Redfield, medalist in general anthropology, was 
selected by the American Anthropological Association. 


Louis G. Dunn, associate director of the guided 
missile division of the Ramo-Wooldridge Corp., Los 
Angeles, has received the certificate of appreciation 
from the Department of the Army. This certificate, 
the Army’s highest civilian award and one of three 
awarded within the past 10 yr, was presented to Dunn 
for his work from 1947 to 1954 as director of the Jet 
Propulsion Laboratory operated for the Army by 
California Institute of Technology. The citation read: 

Characteristic of these accomplishments were 

the development of many rocket propellants now in 
use, and research leading to improved propellants 
that will be widely used in future weapons, research 
and testing supersonic wind tunnels affecting in a 
major degree almost all planned and existing guided 
missile programs, and the conversion of a research 
test missile into the Corporal guided missile system, 
which provided the using arms with the first rocket- 
powered surface-to-surface guided missile in the na- 
tional program. 


William E. Adams and his wife, Huberta M. Living- 
stone, both scientists, have just returned from a lee- 
ture tour in Mexico. Adams, who is the James Nelson 
and Anna Louise Raymond professor of surgery at 
the University of Chicago, was made honorary pro- 
fessor of surgery at the University of Guadalajara, 
and both were made honorary members of the Guada- 
lajara Surgical Society. 
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Clifton K. Himmelsbach has been appointed chief 
of the Division of Hospitals, Public Health Service, 
U.S. Department of Health, Education, and Wel- 
fare. Since July 1953, as assistant chief of the divi- 
sion, Himmelsbach has served under Assistant Sur- 
geon General G. Halsey Hunt, whose duties as asso- 
ciate chief, Bureau of Medical Services, included those 
of chief, Division of Hospitals. 

Himmelsbach will have charge of the 16 hospitals 
and 125 outpatient clinics and offices for legal bene- 
ficiaries of the Public Health Service. This nation- 
wide system of medical care facilities includes the hos- 
pitals at Lexington, Ky., and Fort Worth, Tex., for 
treating narcotic addicts, and the hospital at Car- 
ville, La., for patients with leprosy. 


John H. Garlock of New York, who is at present on 
a teaching tour of Japan, has been made an honorary 
fellow of the Chiba Medical Congress and the Tokyo 
Surgical Congress. 


On 16 Feb. a portrait of Elmer Verner McCollum, 
one cf the founders of nutritional biochemistry in 
this country and professor emeritus of biochemistry 
at Johns Hopkins University, was presented to the 
Welch Medical Library of that university. Colleagues, 
former students, and friends combined to provide for 
the portrait, which was painted by Paul Trebileock 
of New York. Approximately 150 guests attended the 
ceremonies, and two of Dr. McCollum’s closest friends, 
Edwards A. Park, professor emeritus of pediatrics at 
the Johns Hopkins Medical School, and Lowell J. 
Reed, president of Johns Hopkins University, spoke 
about him. 


S. R. M. Reynolds, of the department of embryol- 
ogy at the Carnegie Institution of Washington, Balti- 
more, Md., left 15 Mar. to serve as visiting professor 
on the faculty of medicine, Montevideo, Uruguay, and 
on the medical faculty of the University of Recife, 
Recife, Brazil. He will lecture, hold seminars, give 
demonstrations, and participate in research programs 
at both institutions. 


M. H. Thornton, until recently direetor of chemical 
sciences for Midwest Research Institute, Kansas City, 
Mo., has been appointed to the newly created post of 
technical director. All research and development ac- 
tivities will be coordinated under his direction. Thorn- 
ton has worked on dehydrated foods, basic studies of 
fats and oils, development of analytical methods, and 
identification of biologically important glucosides. In 
cooperation with the U.S. Department of Agricul- 
ture, he has developed many new commercial uses 
for soybean products; he also holds a number of pat- 
ents on industrial production of plant sterols and 
plant phosphatides. 


Charles C. Buck has been appointed assistant to the 
chief of the U.S. Forest Service's fire research divi- 
sion in Washington, D.C. R. Keith Arnold succeeds 
him as chief of forest fire research at the California 
Forest and Range Experiment Station in Berkeley. 
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Arthur E. Gabriel, formerly of Armour Research 
Foundation of Illinois Institute of Technology, has 
been appointed research project leader for the Evans 
Research and Development Corp., consulting chemists 
of New York City. re 

Joseph Greenberg of the section on chemotherapy, 
Laboratory of Tropical Diseases, National Institutes 
of Health, has received the Bailey K. Ashford award, 
consisting of a medal and $1000, in recognition cf his 
work on the mode of action of antimalarial agents. 
He was honored during the annual meeting of the 
American Society of Tropical Medicine and Hygiene 
in Memphis, Tenn. 


With the aid of a combined Guggenheim-Fulbright 
award Kenneth E. Caster, professor of geology at the 
University of Cincinnati, will join the faculty of the 
University of Tasmania as visiting professor from 
September 1955 to June 1956. He plans to continue 
his work on fossils of the Devonian and Silurian 
periods. 


The following mathematicians have been appointed 
to assistant professorships: Dean C. Benson of Iowa 
State College, to South Dakota School of Mines and 
Technology; W. P. Brown of the University of Michi- 
gan, to Michigan State College; M. D. Davis of the 
Institute for Advanced Study, to the University of 
California, Davis; E. F. Gillette of Syracuse Univer- 
sity to Harpur College, State University of New 
York; E. E. Posey of the University of Tennessee, to 
West Virginia University. 


Meetings 


Three days of scientific papers, panel discussions, 
and special lectures on pulmonary diseases will mark 
the 50th anniversary meeting of the American Trudeau 
Society, medical section of the National Tuberculosis 
Association, beginning 23 May in Milwaukee, Wis. 
The meeting is being held in conjunction with the 
annual meeting of the NTA. All sessions will be in 
the Milwaukee Auditorium. The chemotherapy and 
other medical aspects of treatment of tuberculosis, the 
surgical management of tuberculosis and related dis- 
eases, and current research will be discussed by spe- 
cialists from all sections of the country. 

The committee in charge of arranging the medical 
program was under the chairmanship of David T. 
Carr of Rochester, Minn. John D. Steele of Mil- 
waukee is president of the American Trudeau So- 
ciety. For information write NTA, 1790 Broadway, 
New York 19. 


As part of the annual meeting of the Tissue Culture 
Association in Philadelphia, 5-6 Apr., botanists inter- 
ested in the study of excised plant cells and organs 
are invited to participate in a session on the after- 
noon of 5 Apr. called “Current research in plant tissue 
cultures.” The chairman will be Philip R. White of 
the Roseoe B. Jackson Memorial Laboratory, Bar 
Harbor, Me. Scheduled speakers are Wm. G. Boll, 
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University of Texas; John G. Torrey, University of 
California; Ralph H. Wetmore, Harvard University; 
F. C. Steward, Cornell University; Louis G. Nickell, 
Chas. Pfizer & Co.; Ernest Boll, North Carolina State 
College; Carl D. LaRue, University of Michigan; 
Jakob Reinert, Roscoe B. Jackson Memorial Labora- 
tory; and Armin C,. Braun, Rockefeller Institute. 


Plans for a Conference on Nuclear Engineering to 
take place at the University of California, Los An- 
geles, 27-29 Apr., have been announced by T. J. Con- 
nelly of the university’s department of engineering. 
Topics to be covered are water and liquid metals as 
primary working fluids, boiling water reactors, radia- 
tion sources for industrial applications, and power 
reactor control during load changes. At a dinner ses- 
sion the speaker will be John von Neumann of the 
Institute for Advanced Studies and nominee to the 
Atomie Energy Commission. For information write 
to the University of California Extension, Los An- 
geles 24, 


The 26th annual meeting of the Aero Medical Asso- 
ciation will take place 21-23 Mar. at the Hotel Statler 
in Washington, D.C. More than half of the meeting’s 
40 scientific presentations will be devoted to military 
aspects of aviation medicine and flying safety. 

A symposium on the newest developments in the 
field of space medicine, and a round-table discussion 
of the aeromedical aspects of flight at extreme speed 
and altitude will be presented by a group of outstand- 
ing test pilots. 

The first Louis H. Bauer lecture, established in 
honor of the association’s founder and first comman- 
dant of the U.S. Air Service School of Aviation Medi- 
cine from 1919-1925, will be presented on 21 Mar. 
by John F. Fulton, physiologist and Sterling profes- 
sor of the history of medicine at Yale University. Sen. 
Stuart Symington, who served as first Secretary of 
the Air Force, will be guest of honor and principal 
speaker at the society’s annual dinner on 23 Mar. 


The 13th annual meeting of the American Associa- 
tion for Cleft Palate Rehabilitation will meet at the 
Hotel Statler in Boston, 13-14 May. This meeting will 
be open to nonmembers. Papers will be presented and 
symposiums held on topies in the medical, dental, 
speech, psychological, educational, sociological, and 
other aspects of cleft palate rehabilitation. Individuals 
interested in presenting papers or organizing sym- 
posiums should write to the program chairman, Dr. 
Alex Fox, 1653 Main St., Springfield, Mass. 


The 20th Cold Spring Harbor Symposium on Quanti- 
tative Biology will be held 6-13 June on the general 
theme “Population genetics: the nature and causes 
of gentie variability in populations.” Population ge- 
neties is an active but divided branch of genetics. 
Agricultural geneticists and evolutionary geneticists 
who study populations have each made rapid progress 
in the development of theory and experimental tech- 
niques. The objective of this year’s symposium is to 
bring leading workers together in an effort to estab- 
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lish an area of agreement on fundamental concepts 
common to both divisions of population genetics. If 
such an agreement can be reached, the rapid exploita- 
tion of advances in one division by workers in the 
other will be facilitated. 

Diseussions will foeus on the following topics: 
general theory of population genetics, theory of quan- 
titative genetics, selection in plants, selection in ani- 
mals, genetic variability and polymorphism, popula- 
tions in time and space, and integration of genotypes. 
Among the invited participants will be 30 from out- 
side the United States, including Belgium, Brazil, 
Chile, France, Great Britain, Italy, Japan, Spain, 
Sweden, and Yugoslavia, as well as Afriea and Aus- 
tralia. 

This year’s meeting is being sponsored by the Car- 
negie Corporation of New York, the National Science 
Foundation, the U.S. Atomie Energy Commission, the 
Association for the Aid of Crippled Children, and the 
Rockefeller Foundation. The symposium is open to 
all who are interested, but because of space limita- 
tions it is important to make reservations. For pro- 
gram and information address the Biological Labora- 
tory, Cold Spring Harbor, N. Y. 


The 28th meeting of the American Association of the 
History of Medicine will take place 12-14 May in the 
Park Shelton Hotel, Detroit, Mich. Alfred H. Whit- 
taker of Detroit is chairman of the committee on local 
arrangements, and Erwin H. Ackerknecht, professor 
of the history of medicine at the University of Wis- 
consin, is chairman of the committee in charge of 
arranging for the papers on the program. For in- 
formation, write to either of these men or to the secre- 
tary, Dr. Samuel X. Radbill, 7043 Elmwood Ave., 
Philadelphia 42, Pa. 


The question of how to provide for an adequate 
supply and for the proper utilization of the nation’s 
technological manpower resources has been the sub- 
ject of much concern since World War II and has 
been the motivation for many conferences and dis- 
cussions. Such meetings have most frequently been 
held by and for persons with a close personal interest 
in the subject. 

A military-industrial conference, sponsored prima- 
rily by the Society of American Military Engineers, 
took place 10-11 Feb. in Chicago. The theme of the 
program was “How can our technical manpower be 
best utilized in the interests of our national welfare”? 

Joining in the sponsorship of this meeting were 
commercial and industrial organizations such as the 
Chamber of Commerce of the United States and the 
National Association of Manufacturers, governmental 
agencies, including the Department of Defense and 
the Industrial College of the Armed Forces, and a 
substantial number of professional societies in the 
engineering and scientific fields. The conference was, 
therefore, different, in that the majority of the spon- 
soring agencies had no immediate selfish motivation. 
The attendance at the meeting was somewhat extra- 
ordinary, considering that it included persons from 
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the highest management positions in a cross section 
of leading American industries as well as top-level 
persons from Government, the services, and the major 
professional societies. More than 1000 individuals par- 
ticipated in the conference. 

The program for the first day was largely a review 
of the present manpower situation with its implica- 
tions for the future of industry, the military services, 
and education. The program on the second day was 
largely devoted to discussion periods based on ques- 
tions from the participants. 

No action from the conference had been contem- 
plated, since to most of the participants the subject 
was to some extent new. The value of the conference 
lay in the fact that, to a very large and important 
segment of the leadership of American industry and 
the services, a thorough analysis of the problems of 
technological manpower was presented for their orien- 
tation. 

The conference attracted a great deal of attention 
and newspaper comment. It is expected that the pro- 
ceedings will be printed and widely distributed so 
that further benefit may acerue—M. H. Tryvren. 


Health officials from 24 nations met in Paris in 
February to revise the international method of record- 
ing diseases, injuries, and causes of death. The con- 
ference was sponsored’ jointly by the World Health 
Organization and the French Government. 


The 2nd Interamerican Congress of Psychology took 
place in Mexico’s new University City, 14-19 Dee. 
1954. The central theme was the psychology of edu- 
cation from the points of view of applied psychology, 
social anthropology, psychotherapy, and teaching. 
Delegates from various Latin American countries, the 
United States, and Canada, as well as special repre- 
sentatives of the American Psychological Association, 
were invited guests of the congress committee and its 
sponsors, the Department of Education and the Na- 
tional University of Mexico. 

This congress, which had approximately 150 par- 
ticipants, again gave a survey of psychological and 
educational work done in the various countries, as 
illustrated by Blumenfeld from Peru, Donaire from 
Honduras, Jarquin from Mexico, Knobel from Argen- 
tina, Malmo from Canada, Olsen from the United 
States, and others. Psychotherapists such as Deve- 
reux, Fromm, Millan, Paseual del Roneal, Pearlman, 
Schwartz, and Wolff commented upon educational 
problems in psychotherapy. The Mexicans illustrated 
their growing psychotherapeutic program by arrang- 
ing visits to the Mental Hygiene Clinic, the Medical 
Center for the Rehabilitation of Exceptional Children, 
and the Psychiatrie Service of the Children’s Hos- 
pital. 

Social-anthropological aspects of education were 
diseussed by Abel, Harold and Gladys Anderson, 
Devening, and others. Latin American contributions 
illustrated cultural differences in the manifestation 
and frequency of psychological traits and disturb- 
ances. 
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The symposium on education and applied psychol- 
ogy included contributions about the role of projec- 
tive and other tests and the functions of memory and 
intelligence, by Bunch, Harrower, Palacios. The Latin 
Americans discussed the use-~of Rorsehach drawings, 
the new tests of Meili, and so forth, and a large ex- 
hibition illustrated the growing importance of diag- 
nostic tools in Mexican schools. 

Among the contributions to the symposium on the 
psychology of teaching were those on the application 
of psychology in the selection of teachers, on the psy- 
chology of teaching exceptional children, and on the 
training of clinical psychologists; participants in- 
cluded among others, Deutsch, Griffin, Kaback, Kra- 
wiee, Kroll, and Worcester. The Latin Americans pre- 
sented observations on emotional problems of stu- 
dents, thought patterns in different age groups, the 
influence of school upon personality, and psycholog- 
ical problems of the curriculum. Visits to the Mexican 
Juvenile Court and to an Orientation Center illus- 
trated Mexican practices of teaching. The latter in- 
stitution unites children of superior and inferior in- 
telligence having emotional difficulties, the superior 
ones helping their underdeveloped companions. The 
occupational therapy includes the children’s printing 
their own books, farming, and painting. 

The congress led to various resolutions. A constitu- 
tion proposed by Willard C. Olson, president of the 
society, was adopted. Publication of the transactions, 
a directory of Latin American psychologists, a bibli- 
ography of psychology books published in the Span- 
ish language, and a publication of the Interamerican 
Society of Psychology, as well as research exchanges, 
and possibilities for fellowships were offered and dis- 
cussed, 


The Atomic Industrial Forum and the Stanford Re- 
search Institute will jointly sponsor a meeting on 
Atomic Energy—the New Industrial Frontier, 4-5 Apr. 
at the Mark Hopkins Hotel in San Francisco. More 
than 500 industrial leaders from all over the country 
will attend, 

The program will include discussions by Glenn Sea- 
borg, Nobel prize chemist of the University of Cali- 
fornia; Bruce Morgan, technical director of the 
Quartermaster Corp’s food sterilization program; 
Edward Teller, research physicist of the University 
of California; Jesse Johnson, director of the Atomie 
Energy Commission’s raw materials division; Chaun- 
cey Starr, director of the atomie energy department 
of North American Aviation, Inc.; R. P. Peterson, 
director of atomic energy research for the Republie 
Steel Corp.; and Melvin Calvin, authority on photo- 
synthesis. 


The International Union of Biochemistry, which was 
founded on 1 Mar. 1953, was formally constituted 
at its first general assembly in London 5-6 Jan. Of 
the 15 countries that adhere to the union to date, the 
following 12 were represented at the assembly: Aus- 
tria, Belgium, Denmark, France, Germany, Italy, 
Japan, the Netherlands, Sweden, the United King- 
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dom, the United States, and the U.S.S.R. In aceord- 
ance with its statutes, the assembly elected the council 
of the union, and the council appointed from among 
its members the following officers: pres., M. Florkin 
(Belgium); treas., E. H. Stotz (U.S.A.); see.-gen., 
R. H. 8. Thompson ( U.K.) 

The following delegates make up the remaining 
members of the council: 8. Akabori (Japan), J. Cour- 
tois (France), V. A. Engelhardt (U.S.S.R.), A. H. 
Ennor (Australian), O. Hoffman-Ostenhof (Austria), 
K. Linderstrom-Lang (Denmark), K. Lohmann (Ger- 
many), R. Nieolaysen (Norway), 8. Ochoa (U.S.A.), 
A. I. Oparine (U.S.8.R.), Rudolph Peters (U. K.), 
J. Roche (France), A. Rossi-Panelli (Italy), A. Vir- 
tanen (Finland), and H. G. K. Westenbrink (Nether- 
lands). 

Charles Harington, former chairman of the Inter- 
national Committee for Biochemistry that was set up 
at the lst International Congress of Biochemistry at 
Cambridge in 1949, was eleeted an honorary member 
of the council. Following the unanimous decision of 
the assembly, formal application has now been made 
on behalf of the union for membership in the Inter- 
national Council of Scientifie Unions. 


Education 


Prompted by the announcement of Louisiana State 
University’s initiation of the use of closed-cireuit tele- 
vision as a regularly scheduled component of its eur- 
rent course in medical physiology [Science 121, 237 
(18 Feb. 1955) ], a reader at Albany Medical College 
has written : 

. . it was our own Dr. Frank Ferguson, chairman 
of the department of pharmacology, who introduced 
this method in September and October of 1954 in con- 
nection with certain techniques of laboratory pro- 
cedure, as well as the projection of live experiments. 

. .. The demonstration was carried out each time 

with the class in the same room, so that both direct 

and television-screen observations might be made. 


Educational television programs, developed for na- 
tional distribution by the Educational Television and 
Radio Center, Ann Arbor, Mich., will be made avail- 
able for classroom and other audio-visual purposes 
through an arrangement just completed with Indiana 
University. Under terms of the agreement, the uni- 
versity will serve as the national center for nontelevi- 
sion distribution of these educational program mate- 
rials, The project will be self-liquidating, with income 
from sales and rentals paying for the cost of the 
service. 

By means of this service, benefits from educational 
television production will be extended to universities, 
colleges, school systems, and other educational agen- 
cies in every part of the nation. The programs avail- 
able will inelude lectures, discussions, and illustrations 
of seientifie and other developments in education. 

The Indiana audio-visual department, which is 
headed by L. C. Larson, began the new service on 15 
Feb. The center will continue to handle all television 
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distribution of its programs. At the present time it is 
distributing programs on a regular basis to 11 edu- 
cational television stations and to an additional four 
universities for use on local commercial stations in 
areas without ETV stations. 


The University of Pennsylvania has received a 
grant of $25,000 from the Fels Fund to study policies 
and practices which contribute most effectively to the 
development of the strongest possible faculty working 
under the best possible conditions. The study, looking 
toward the development of an affirmative policy for 
faculty personnel, will be made by a committee of the 
university faculty that is under the chairmanship of 
David R. Goddard, professor of botany. The responsi- 
bility of the committee will involve both the initiation 
and conduct of its investigation and the reeommenda- 
tion of policies. 


The department of geology of Rice Institute, Hous- 
ton, Tex., is conducting a series of 25 public seminars 
that are being presented by a group of geologists, 
geochemists, geophysicists, and oil producers who have 
consented to serve as visiting lecturers. 


After 30 June Columbia University’s 5-yr-old Insti- 
tute of Administrative Medicine will be merged into 
the university’s 34-yr-old School of Public Health. The 
unit will bé known as the School of Public Health and 
Administrative Medicine. 


Available Fellowships and Awards 


The department of zoology, Duke University, invites 
applications for the Charles W. Hargitt fellowship in 
zoology. The fellowship is awarded at the postdoctoral 
level in support of full-time research in cellular stud- 
ies. The stipend varies with the qualifications and 
needs of the recipient, and is ordinarily from $4000 
to $5000. The recipient has no departmental duties. 
Work may be done at Duke University and/or the 
Duke Marine Laboratory. 

The present holder of the fellowship is Paul L. 
Risley, who is engaged in cytological research during 
a sabbatical leave from the department of biology, 
University of Oregon. Inquiries and applications 
should be addressed to Dr. H. 8. Roberts, Depart- 
ment of Zoology, Duke University, Durham, N.C. 


The University of Vermont College of Agriculture 
has announced that three graduate assistantships are 
available in biochemistry for 1955-56. These research 
grants allow half-time study for the M.S. degree. The 
work deals with plant growth stimulation, and the 
$1700 assistantships have been financed by the 
Atomie Energy Commission. For information, write 
Jack E. Little, Hills Seience Building, University of 
Vermont, Burlington. 


The State College of Washington has announced 
the allocation of funds for two postdoctoral research 
fellowships in the department of poultry science, ef- 
fective 1 Sept. The stipend for each of these fellow- 
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ships is $4400 per year, $3600 of which is tax exempt. 

The research problem for one of the fellowships 
relates to unidentified factors required for different 
strains of bacteria. Interested persons should have 
had training in chemistry and biochemistry. 

The second fellowship is for turkey embryology. 
Applicants should have a background in physiology, 
biochemistry, and biophysics. For information, write 
to J. S. Carver, Chairman, Department of Poultry 
Science, State College of Washington, Pullman. 


Miscellaneous 


The Council for Old World Archaeology, first estab- 
lished at the 1951 annual meeting of the AAAS by 
Section H, has now completed its organization. An 
ineorporated, nonprofit group, the council was set up 
primarily for the purpose of disseminating, through 
appropriate publications, findings concerning all Old 
World peviods of cultural development that are in- 
vestigated by archeological techniques. For this pur- 
pose, editors have been chosen for 22 areas. These 
editors will relay materials to four continental editors 
(for Europe, Africa, Asia, and Oceania, including 
Southeast Asia) who, in turn, will rely on an inter- 
national roster of contributors. A chief editor will 
coordinate all material after it has been approved by 
the area and continental editors and will handle de- 
tails of publication and distribution. Grants from the 
Wenner-Gren Foundation and from several individ- 
uals have provided sufficient funds to cover organiza- 
tional operating costs and the first year’s expenses of 
publishing area surveys and bibliographies. 

Administratively, the council consists of a president, 
clerk, treasurer, executive committee, board of trus- 
tees, and a group of charter members who elect the 
officers and trustees. Lauriston Ward is currently 
serving as president. The council is the joint operat- 
ing agency of the following well-established scientific 
societies: Section H of AAAS, American Anthro- 
pological Association, American Association of Physi- 
eal Anthropology, American Numismatic Society, 
American Oriental Society, American School of Pre- 
historie Research, American Schools of Oriental Re- 
search, Archaeological Institute of America, Society 
for American Archaeology. 


An exhibit of chemicals and synthetics sponsored by 
the U.S. Patent Office is on display in the lobby of the 
Commerce Department Building, Washington. The 
exhibit, which continues through 25 Mar., is designed 
to show the technological advances made by inventors 
and industries under the American patent system. 


The new American Astronautical Society is exelu- 
sively devoted to the development of the astronauti- 
eal sciences, which deal with all aspects of space- 
travel planning and theory. The society publishes a 
quarterly journal, Astronautics, which is available to 
the membership. It includes all material relevant to 
astronauties or space flight from general-interest level 
material to the most profound. All scientific fields are 
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represented, that is, sociological, biological, and 
physiological as well as the technical fields closely 
related to the existing rocketry and missile sciences. 
Through its journal, through meetings, symposiums, 
field trips, and so forth, the A.A.S. serves its members 
in all areas within the broad science of astronautiecs. 
The organization of the A.A.S. is similar to that of 
existing technical societies, and it is incorporated in 
the state of New York. The society is a member of the 
International Astronautical Federation. 


With the assistance of the Society for Social Re- 
sponsibility in Science and the Food and Agriculture 
Organization of the United Nations, Wilmington 
College plans to set up a Small Tools Laboratory and 
is looking for a responsible engineer to be in charge of 
this work. Since there is considerable latitude in the 
development of this project, engineers of any of sev- 
eral branches may be interested, but it is expected that 
mechanical or metallurgical engineers would be inter. 
ested primarily. 

It is essential that the applicants be in aceord with 
the nature and purpose of the college, which is under 
the sponsorship of the Religious Society of Friends, 
and with the fact that the work will be intergovern- 
mental in scope. 

In carrying out this work, the activities of the col- 
lege demonstration farm, the nearby Ohio State Uni- 
versity with its agricultural and engineering depart- 
ments, and the strong engineering libraries of the Fels 
Memorial Institute, Antioch College, and the Univer- 
sity of Cincinnati will be helpful. The salary range 
under consideration is from $5000 to $6000 per year. 
For further information, write to Samuel D. Marble, 
President of Wilmington College, Wilmington, Ohio. 


Academic Press, Inc., New York, has announced a 
new journal, Virology, for which the following sci- 
entists have accepted editorial responsibility: George 
K. Hirst, Public Health -Research Institute of the 
City of New York, Ine. (editor-in-chief) ; L. M. Black 
and §. E. Luria, University of Illinois, Urbana, (edi- 
tors); C. H. Andrewes, C. A. Brandly, Seymour 8. 
Cohen, A. H. Doermann, John F, Enders, Charles 
A. Evans, Werner Henle, A. D. Hershey, Francis O. 
Holmes, Frank L. Horsfalls, Jr., Hilary Koprowski, 
Andre Lwoff, James W. Moulder, Glenn S. Pound, 
Theodore T. Puck, A. F. Ross, H. K. Schachman, 
Edward A. Steinhaus, Robley C. Williams, C. E. Yar- 
wood (associate editors). 

The purpose of Virology will be to publish articles 
on the biological, biochemical, and biophysical aspects 
of the subject, stressing articles of a fundamental 
rather than an applied nature. It is hoped that the 
journal will contribute to the integration of virus 
seience by providing a ready introduction to all its 
fields. 


Erratum, William L, Thomas, Jr., is assistant director of 
research at Wenner-Gren Foundation for Anthropological Re- 
search and not at the National Science Foundation, as is 
stated in Science, 11 Mar., page 357. Paul Fejos is director 
of research at Wenner-Gren and not at NSF, as is implied 
in the same issue 


ScIENCE, VOL. 121 


Gs 
Li 
pl. 
Tk 
Burt 
latio 
aS in 17 
origi 
vigo. 
phra 
mira 
Eng! 
a fe 
that 
tial 
' 
frag 
Mag 
certs 
cone 
work 
must 
disek 
elect 
had 
4 of 7 
erate 
indu 
tane 
} cove 
livin 
TI 
eithe 
serik 
he ¢ 
them 
the 
spar 
as s 
seem 
elect 
oa its ¢ 
the 
rater 
veal 
obse 
“ay 
or a 
and 
“are: 
geth 
18 
|__| 


Book Reviews 


Effects of Electricity on Muscular Motion. Luigi 
Galvani. Trans. by Margaret Glover Foley. Burndy 
Library, Norwalk, Conn. 1954. 176 pp. Illus. + 
plates. $6. 


This fine volume is the 10th publication in the 
Burndy Library series. It contains an English trans- 
lation of Galvani’s celebrated Latin monograph De 
Viribus Electricitatis in Motu Musculari, first issued 
in 1791, together with a facsimile reproduction of the 
original text. Margaret Foley supplies a clear and 
vigorous rendering of Galvani’s rather complicated 
phraseology. I. Bernard Cohen has written an ad- 
mirable introduction. By an unusual coincidence two 
English translations of the full text appeared within 
a few months of each other—the present volume and 
that prepared by Robert Montraville Green (Eliza- 
beth Licht, Boston, 1953). Prior to this time only par- 
tial translations have been available, in particular the 
fragment published in 1935 by William Francis 
Magie.. 

A reading of the introduction and full text corrects 
certain misapprehensions that have been widely held 
concerning the scope and significance of Galvani’s 
work. He was not the first to stimulate nerves and 
muscles with electric current. Earlier students, using 
discharges from the Leyden jar, or of atmospheric 
electricity, had observed such stimulation. Neither was 
he the first to detect animal electricity. John Walsh 
had demonstrated the electric character of the shock 
of Torpedo in 1774. Galvani’s major contributions 
were, first, his observation that electric currents, gen- 
erated by friction machines or by thunderstorms, could 
induce electric flow in metal conductors at some dis- 
tance from the primary source, and, second, his dis- 
covery that pairs of dissimilar metals could excite 
living tissues. 

The first discovery was not properly understood 
either by Galvani or by his contemporaries. He de- 
seribed with great enthusiasm the many ways in which 
he could stimulate nerves and muscles by touching 
them with metallic objects, sealpels, rods, or wires, in 
the vicinity of a frictional electric machine. With each 
spark contraction occurred, the living tissues acting 
as sensitive galvanometers to indicate current. He 
seems to have had clearly in mind the concept of 
electric induction, although he could not describe the 
phenomenon in modern terms and is not credited with 
its discovery. Forty years later Faraday discovered 
the phenomenon in all-metalliec systems and inaugu- 
rated the modern electrical age. 

His second discovery grew out of the first but re- 
vealed phenomena of a quite different character. He 
observed that, in the absence of a frictional machine 
or atmospheric electricity, he could stimulate nerve 
and muscle by touching them at two points by his 
“ares” made by joining two dissimilar metals to- 
gether. These curving metallic couples are a promi- 
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nent feature of his illustrations. He believed that he 
thus led off electric charges that had accumulated in 
the tissues and thought that he had demonstrated the 
reality of animal electricity. Volta immediately built 
upon this work, shortly to reveal the existence of elee- 
trode potentials and to combat Galvani’s interpreta- 
tion. It is evident that Galvani did not clearly demon- 
strate animal electricity, but his faith in it was later 
vindicated in the growth of modern electrophysiology. 

Galvani stands out in the stream of scientific his- 
tory as a somewhat confused and neglected figure, 
yet one who, by his striking experimental demonstra- 
tions, compelled the attention of workers in several 
disciplines and opened the door to many fundamental 
discoveries. The present volume helps to bring his ob- 
servations into proper foeus and permits us to ap- 
preciate better the enthusiasm and devotion that he 
gave to his important pioneer work. 

R. AmBerson 

Department of Physiology, 
University of Maryland School of Medicine 


The Distribution and Abundance of Animals. Hi. 
G. Andrewartha and L. C. Birch. Univ. of Chieago 
Press, Chicago, 1954. xv + 782 pp. Illus. $15. 


The relatively new scientific field of animal ecology 
has, by now, split into two major divisions. Of these, 
in contrast with the more traditional ecology of com- 
munities, the newer is the ecology of individual species 
and populations. In recognizing this cleavage between 
methods and knowledge, the authors did not minimize 
the importance of the community approach in their 
own emphasis of the other; it is only that they under- 
took to explore and synthesize a literature that greatly 
needed exploration and synthesis, in order “to build a 
wide and satisfying general theory of ecology as we 
use the word to refer to the distribution and abun- 
dance of animals in nature.” 

Invertebrates, notably insects, furnish most of the 
examples of populations, and the original contribu- 
tions of both authors are primarily entomologic, but 
the scope of the book nevertheless is about as broad 
as our collective knowledge of animal populations per- 
mits. Despite the obvious intentions of the authors to 
present the subject matter as simply, clearly, and logi- 
cally as would be consistent with a comprehensive 
treatment—and in which I think they have succeeded 
—the natural complexities that are involved effectively 
limit the extent to which the subject matter may be 
simply presented. This is no book that any serious 
student of populations should read once and then 
consider himself through with; he should have con- 
venient access to it for as many readings of particular 
parts as his own studies may require. 

It is written for mature workers who can do their 
own thinking and, to them, it should be of outstand- 
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ing utility. Most practicing biologists may find more 
mathematics in it than they can easily digest, although 
they may be comforted by the authors’ cautioning 
against misuse of mathematics (p. 11). Others may 
feel that some conclusions are presented a little too 
confidently, with insufficient allowance being made for 
alternative interpretations or for the still unknown. 
My impression, however, is that the tone of the writ- 
ing is reasonable, good natured, and objective, and 
that certainly much of what is demolished is philo- 
sophically shaky anyway. 

In appraising the factual content, I paid special 
attention to the parts dealing with the groups of 
higher vertebrates that I happen to have worked with, 
and, on the whole, feel satisfied with what I read 
there. Very nearly all the exceptions to the treatment 
of higher vertebrates that I would be disposed to take 
have to do either with minor points or with those 
about which no one has, as yet, conclusive answers, 
and about which some legitimate disagreement may be 
expected for a long time to come. 

The book shows evidence of continued revision and 
probably came off the press in an exceptional state of 
up-to-dateness for such a big job in a difficult and 
rapidly advancing field. 

L. Errtneton 
Zoology and Entomology Department, 
Agricultural Experiment Station, Iowa State College 


Entire Functions. Ralph Philip Boas, Jr. vol. V of 
Pure and Applied Mathematics. Paul A. Smith 
and Samuel Eilenberg, Eds. Academic Press, New 
York, 1954. xi+276 pp. $6. 


The theory of entire functions is a vast, rich chap- 
ter in the general theory of functions of a complex 
variable. Its literature is tremendous. The bibliogra- 
phy of the present monograph, which is concerned 
principally with the special class of entire functions 
of exponential type, consists of 17 pages. Intention- 
ally, many topics of the general theory of entire fune- 
tions, srch as the Picard theorem and its develop- 
ments, are omitted in this monograph. The result of 
this imposed restriction is a unity of theme and 
method. The interest of the special class of entire 
functions of exponential type is, of course, well 
known. As the author remarks, an account of the ap- 
plications of functions of exponential type would call 
for a book by itself. What has been achieved here is 
a comprehensive account of the modern theory of 
functions of exponential type. The book is a valuable 
addition to the existing monographic literature on the 
theory of functions of a complex variable and is to be 
warmly recommended to both specialist and student. 

The reader is expected to have a knowledge of the 
elements of the theory of analytic functions, inelud- 
ing the theorems of Jensen, Carleman, and Phragmén- 
Lindeléf, as well as some knowledge of the theory of 
subharmonic functions and of Lebesgue and Stieltjes 
integrals. 

A summary of the contents follows: “Prelimi- 
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naries”; “General properties of entire functions of 
finite order”; “The minimum modulus”; “Functions 
with real negative zeros”; “General properties of 
functions of exponential type”; “Functions of ex- 
ponential type restricted on a line: I, Theorems in 
the large”; “Functions of exponential type restricted 
on a line: II, Asymptotic behavior in a half plane”; 
“Functions of exponential type: Connections between 
growth and distribution of zeros”; “Uniqueness theo- 
rems”; “Growth theorems”; “Operators and their ex- 
tremal properties”; “Applications.” 

Mavrice Hers 
Department of Mathematics, Brown University 


Progress in the Chemistry of Organic Natural 
Products. vol. 10. L. Zechmeister, Ed. Springer, 
Vienna, 1953. ix +529 pp. Illus. Paper, $19; cloth, 
$19.80. 


This, the tenth volume of the Zechmeister series, 
follows the excellent tradition of the previous volumes 
with regard to the choice of subject matter and clarity 
of presentation. The authors, experts in their fields, 
have succeeded in conveying a well-rounded picture of 
the complexity and importance of the subject matter. 

The first chapter, by K. Adler and M. Schumacher, 
deals with the applications of the “Diene synthesis” 
to the elucidation of the formation and constitution, 
as well as to the preparation, of natural products. 
The tremendous progress in this field becomes quite 
apparent if one compares the 347 references cited in 
this work with the 44 cited by O. Diels who covered 
the same topic in 1939 for the third volume of this 
series. 

H. Mark diseusses the physical chemistry of rubbers 
in the second chapter. The author utilizes only a mini- 
mum of mathematical equations in his presentation 
and treats, among other topics, the fundamental as- 
pects of rubberiness, the-strueture of natural and syn- 
thetic rubbery polymers, and the kinetic theory of 
rubber elasticity. 

The third chapter, by J. Asselineau and E. Lederer, 
treats the chemistry of the lipoids of bacilli. The 
various compounds that have been isolated from bacilli 
are enumerated, and structure proofs and syntheses 
are presented. 

Syntheses of cortisone and related compounds are 
reviewed in a chapter by G. Rosenkranz and F. Son- 
derheimer. The authors give a number of useful charts 
in their discussion of the highly complex chemistry; 
they have covered the literature up to 1952. 

The final two chapters, by A. Chatterjee and by L. 
Feinstein with M. Jacobson, deal, respectively, with 
the alkaloids of Rauwolfia plants and with the insec- 
ticidal principles of higher plants. 

Not only researchers in the various fields presented 
but also all those who are interested in gaining a bet- 
ter insight into the complexity of natural products 
will profit from this volume. 

HENRY FEUER 
Department of Chemistry, Purdue University 
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The Language of Taxonomy. An application of 
symbolic logic to the study of classificatory systems. 
John R. Gregg. Columbia Univ. Press, New York, 
1954. ix + 70 pp. Illus. $2.50. 


Taxonomy is the study of kinds of organisms. One 
of the procedures used in dealing with kinds is classi- 
fication. Recent advances in genetics and the rise of 
the science of ecology have fesulted in a current in- 
terest in taxonomy on a much broader plane than was 
historically the ease. With this increased interest has 
come a series of new difficulties caused by the use of 
certain words of inexact meaning or varying impli- 
cation. Attempts at definition have not clarified the 
situation ; indeed, in some eases they have further con- 
fused it. 

John Gregg’s book is an attempt to develop a lan- 
guage for use in metataxonomy—the study of state- 
ments about taxonomy—by introducing the concepts 
of set-theory, which is one of the symbolic methods 
of formal logic. These concepts seem suited to the 
study of elassifieations, where they can emphasize the 
distinctions between kinds, classes of kinds, and cate- 
gories of classes. Failure to distinguish these has been 
the cause of much semantic difficulty, with resultant 
confusion of thinking. 

In order to show the application of set-theory to 
metataxonomy, Gregg has developed the appropriate 
set-theory concepts in the early chapters. Thus, an 
interested student will find the book self sufficient 
although highly technical. It concludes with the pre- 
sentation of a problem for further study—the com- 
plications introduced by category overlapping (class 
A ineludes only one order, b, and therefore A and 
b are identical groups and the categories are overlap- 
ping). This difficulty appears to be a result of certain 
short cuts commonly used in writing down classifica- 
tions. If it ean be shown that the difficulty is not real, 
then further development of this language will be 
facilitated, and solution of some of the practical 
problems of taxonomic language may be undertaken. 

R. E, BLACKWELDER 
Society of Systematic Zoology, Washington, D.C. 


Recent Progress in Hormone Research. vol. X. Pro- 
ceedings of the Laurentian Hormone Conference. 
Gregory Pineus, Ed. Academie Press, New York, 
1954. 511 pp. Illus. $9.80. 


This volume contains the proceedings of the tenth - 


annual meeting of the Laurentian Hormone Confer- 
ence, which took place in September 1953, at Mont 
Tremblant, Quebee. Six major topics are reviewed, 
namely: (i) nervous system, hormone interrelation- 
ships (R. W. Porter, H. Hoagland, D. M. Wood- 
bury); (ii) thyroid hormone physiology and_bio- 
chemistry (J. Gross, R. Pitt-Rivers, H. A. Lardy, G. 
F. Maley); (iii) comparative endocrinology (D. 
Bodenstein, E. Scharrer, B. Scharrer); (iv) protein 
hormones (R. G. Romans, E. E. Hays, W. F. White) ; 
(v) the role of hormones in blood and blood-forming 
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organs (H. 8. Kaplan, C. 8. Nagareda, M. B. Brown, 
A. 8. Gordon); (vi) aspects of clinical endocrinology 
(B. Zondek, R. Luft, B. Sjégren, D. Ikkos, H. Ljung- 
gren, H. Tarukoski, J. W. Conn, 8. 8. Fajans, L. H. 
Louis, H. 8. Seltzer, H. D. Kaine). 

Endocrinologists throughout the world are partieu- 
larly indebted to Gregory Pincus for the thoughtful 
preparation, both of the conferences themselves and 
of the printed proceedings, which make the former 
more generally available. It is a particularly attractive 
feature of these proceedings that they contain not 
only the formal papers (presented by the authors 
listed here) but also transeripts of the informal dis- 
cussions made by various other participants following 
each presentation. 

It would, of course, be impossible to give anything 
like a summary of such a complex symposium, but 
since all the speakers are eminently competent au- 
thorities in their respective fields, there can be no 
doubt about the value of this volume. The type, illus- 
trations, and binding are excellent, and the book is 
supplied with carefully prepared indexes of authors 
and subjects. 

Hans 
Institut de Médecine et de Chirurgie expérimentales, 
Université de Montréal 


Traité de Génétique. Ph. L’Heéritier, Presses Uni- 
versitaires de France, Paris, 1954. Le mécanisme de 
VHérédité. Génétique formelle, Tome I, 343 pp. 
Tlius. F. 1500; La Génétique des Populations, Tome 
II, 173 pp. Illus. F. 900. 


The publication of a new textbook of geneties in 
the French language is a matter of more than ordinary 
interest, since, in the opinion of many who are in a 
good position to judge, the lack of adequate textbooks 
has been a real handicap to the teaching of genetics 
in France. L’Heritier’s Traité de Génétique will un- 
doubtedly go a long way toward filling this vaeuum 
and will give welcome support to the general awaken- 
ing of interest in genetics that has been evident in 
France since the war. 

Traité de Génétique is projected in three volumes 
of which two have flow been published. The third vol- 
ume, dealing with physiological genetics, is in prepa- 
ration. Volume I is concerned with the formal aspects 
of chromosomal inheritance. It is an exposition of 
classical genetics that is almost unique in its purity 
of approach. The author’s aim, judging from the re- 
sult, is to present the prineiples of geneties and the 
evidence on which they are based in their most logical 
and economical form. We find no chapters on deriva- 
tive aspects of genetics, such as medicolegal applica- 
tions, clinieal heredity, sociologic implications, and 
similar topies that have been found useful in bolster- 
ing up the sagging attention of premedical students. 
The examples, chosen for their soundness as evidence, 
rather than on the basis of their exotie value, are 
drawn almost entirely from the literature of the well- 
studied genetic organisms, especially Drosophila. In 
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other words, this book is intended for the instruction 
of students who are already convinced that genetics 
is an interesting subject and who wish to get a pro- 
fessional insight into its theoretical foundations. It is 
probably too difficult for any but the most inspired 
beginners. 

Volume II is devoted to population genetics, a sub- 
ject in which the author has long had a special inter- 
est. The first chapter deals with the mathematics of 
genetically stable populations under panmictic and 
assortative systems of mating. The second analyzes 
the roles of selection, mutation and migration, and 
chance fluctuation as causes of changes in gene fre- 
quency, the treatment closely following that of Sewall 
Wright. The third and final chapter contains a sum- 
ming up of the neo-Darwinian view of evolution and 
a discussion of the genetic definition of species. The 
presentation is lucid and careful throughout. 

Each chapter in both volumes is followed by a list 
of selected references. It is to be hoped that the third 
volume will contain an index. 

N. H. Horowitz 
Laboratoire de Génétique, Faculté des Sciences, Paris 


Analytic Geometry. Edward 8. Smith, Meyer Sal- 
kover, and Howard K. Justice. Wiley, New York; 
Chapman & Hall, Landon, ed. 2, 1954. xiii + 306 pp. 
Illus. $4. 


A statement in the preface indicates that the fol- 
lowing changes of the first edition have been made in 
this edition: (i) revised problems; (ii) new articles 
on analytic proofs of geometric theorems and on 
cylindrical and spherical coordinates; (iii) improved 
treatment of the angle between two lines, excluded 
values, asymptotes, bisector of an angle, tangent to a 
circle, radical axes, and parametric form of the equa- 
tions of a line; and (iv) a four-place table of trigono- 
metric functions, with angles in radians and degrees. 

This book constitutes a very thorough treatment of 
all the topics usually found in analytic geometry 
courses. Following the treatment of the straight-line 
and conic sections in type forms, space is devoted to 
the general equation of the second degree, tangents 
and normals, transcendental curves, polar coordi- 
nates, parametric equations and empirical equations. 
There follows a section in “Solid analytic geometry,” 
which treats the line, plane, locus problems, and the 
quadric surfaces in type forms. If sufficient time can 
be allowed to do the textbook in its entirety, much 
time could be saved in the caleulus courses by making 
it unnecessary to review, or to give for the first time, 
topics that are well covered here. A well-rounded 
course of shorter duration can be selected from the 
book without loss of continuity. Any student who 
continues in mathematics beyond the course in ana- 
lytic geometry will find this to be an excellent refer- 
ence, 


Two chapters seem worthy of particular mention. 
One is given to a careful description of the intersec- 
tion of a cone by a plane. The relation of the position 
of the interesecting plane to the definitions of ‘the 
conic sections as loci is shown by careful drawings 
and explanations. The chapter on empirical equations 
is concerned with fitting curves to given sets of data 
and emphasizes the straight-line formula, the power 
law, the exponential law, and the parabola. 

The book contains a large number of exercises of 
varying degrees of difficulty. Nearly all the exercises 
are geometric, and one might hope for some applica- 
tions to problems arising in the physical sciences and 
engineering. Explanatory drawings are plentiful and 
carefully made. The format is pleasing, important 
formulas are in boldface type, and theorems and 
statements of particular emphasis are in italics. 

J. A. CooLey 
Department of Mathematics, University of Tennessee 


Heterocyclic Compounds with Indole and Carba- 
zole Systems. Ward C. Sumpter and F. M. Miller. 
vol. VIII of The Chemistry of Heterocyclic Com- 
pounds. Arnold Weissberger, Ed. Interscience, New 
York-London, 1954. xii+307 pp. Single copy, 
$10; subseription, $9. 


In this monograph the authors have undertaken “to 
present a thorough and comprehensive treatment of 
the methods of preparation, the properties, and the 
reactions of these compounds without attempting to 
duplicate the coverage of Beilstein (or of Elsevier's 
Encyclopedia when completed) by listing every com- 
pound.” The result is a volume that lacks the com- 
pleteness of its predecessors, but it does enable one to 
gain a background of information quickly. 

The volume suffers from inadequate editing with 
respect to style, nomenclature, typographical errors, 
and organization of material, as the following random 
examples show. Page 61, “Indolenines of the type of 
2,3,3-trimethylindolenine yield dimers on treatment 
with Grignard reagents, **° the compound behaving 
as though it had the formula I.” Page 54, “2-Methyl- 
indolemagnesium bromide reacts similarly . . . while 
3-methylindolylmagnesium bromide gives. ... On page 
80, line 2, a sentence begins without capitalization and 
on line 8 of page 81 an “of” is omitted. On page 31, 
the arsonic acids derived from indoles are found under 
the heading “Halogen derivatives of indole.” For- 
tunately, these errors are for the most part annoying 
rather than misleading. 

The strength of the volume is in Chapter VIII, a 
90-page discussion that brings together a mass of 
material on the many and varied naturally occurring 
products that contain an indole nucleus. 


A. H. Buarr 
Department of Chemistry, Queens College 
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New Books 


Industrial Detergency. William W. Niven, Jr., Ed. Rein- 
hold, New York 22, 1955. 340 pp. $8.75. 

Degradation of Vinyl Polymers. H. H. G. Jellinek. vol. 
III of Physical Chemistry. Erie Hutchinson, Ed. Aca- 
demic Press, New York 10, 1955. 329 pp. $8.50. 

Colchicine—in Agriculture, Medicine, Biology, and 
Chemistry. O. J. Eigsti and Pierre Dustin, Jr. Iowa 
State College Press, Ames, 1955. 470 pp. $5. 

Adrenal Cortex, Transactions of the fifth and final con- 
ference. Elaine P. Ralli, Ed. Josiah Macy, Jr. Founda- 
tion, New York, 1954. 187 pp. $3.75. 

Anthropology. J. E. Manchip White. Philosophical Li- 
brary, New York 16, 1955. 191 pp. $2.75 

Arthritis and Radioactivity. A story of Montana’s free 
enterprise uranium-radon mine. Wade V. Lewis. Chris- 
topher, Boston 20, 1955. 168 pp. $2.50. 

Political Thought. ©. L.. Wayper. Philosophical Library, 
New York 16, 1954. 260 pp. $3.75. 

Medical Care for Tomorrow. Michael M. Davis. Harper, 
New York 16, 1955. 497 pp. $6.50. 

Tables of Functions and of Zeros of Functions, Collected 
short tables of NBS Computation Laboratory. NBS 
Applied Mathematics Ser. 37. Natl. Bur. of Standards, 
Washington 25, 1954 (Order from Supt. of Documents, 
GPO, Washington 25). 211 pp. $2.25. 

Spies at Work. A history of espionage. Ronald Seth. 
Philosophical Library, New York 16, 1954. 234 pp. 
$4.75. 

Language in Relation to a Unified Theory of the Struc- 
ture of Human Behavior. pt. I. Kenneth L. Pike. Sum- 
mer Inst. of Linguistics, Glendale, Calif. 1954 (Order 
from Wahr’s Bookstore, 316 8S. State St., Ann Arbor, 
Mich.). 170 pp. Paper, $5. 

Fact, Fiction, and Forecast. Nelson Goodman. Harvard 
Univ. Press, Cambridge, Mass., 1955. 126 pp. $3. 

Advances in Protein Chemistry. vol. IX. M. L. Anson, 
Kenneth Bailey, and John T. Edsall, Eds. Academic 
Press, New York 10, 1954. 542 pp. $10.50. 

Ferns of Tennessee. With the fern allies excluded. Jesse 
M. Shaver. George Peabody College for Teachers, 
Nashville 5, 1954. 502 pp. $6. 

Hopi Ethics. A theoretical analysis. Richard B. Brandt. 
Univ. of Chicago Press, Chicago 37, 1954. 398 pp. $7.50. 

Catalysis. vol. II, pt. 2, Fundamental Principles. Paul H. 
Emmett, Ed. Reinhold, New York 22, 1955. 473 pp. $12. 

The Western-Educated Man in India. A study of his 
social roles and influence. John Useem and Ruth Hill 
Useem. Dryden, New York 19, 1955. 237 pp. $3. 

The Nihilism of John Dewey. Paul K. Crosser. Philo- 
sophical Library, New York 16, 1955. 238 pp. $3.75 

My Way of Becoming a Hunter. Robert H. Rockwell 
with Jeanne Rockwell. W. W. Norton, New York, 1955. 
285 pp. $3.75. 

Truth and Freedom. Louis de Raeymaeker and other 
professors of the University of Louvain. vol. 5 of 
Duquesne Studies, Philosophical Ser., Andrew G. Van 
Melsen and Henry J. Koren, Eds. Duquesne Univ., 
Pittsburgh 19, Eng. ed. 1, 1954. 133 pp. Cloth, $3; 
paper, $2.25. 

Sociological Theory. Its nature and growth. Nicholas 8. 
Timasheff. Doubleday, Garden City, N. Y., 1955. 328 
pp. $4.50. 

Physical Chemistry. College Outline Ser. No. 97. Scott 
L. Kittsley. Barnes and Noble, New York 3, 1955. 209 
pp. Paper, $1.50. 
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Miscellaneous Publications 


(Inquiries concerning these publications should be addressed, 
not to Science, but to the publisher or agency sponsoring the 
publication.) 

Nivel de Fertilidad de los Suelos de la Sabana de Bogota. 
Boletin No. 1. Luis A. Rojas-Cruz. Laboratorio Quimico 
Nacional, Bogota, Colombia, 1954. 55 pp. 

National Science Foundation. Fourth annual report for 
the fiscal year ending 30 June 1954. The Foundation, 
Washington 25, 1954 (Order from Supt. of Documents, 
GPO, Washington 25). 138 pp. $0.50. 

Science and Religion: A Changing Relationship. Rede 
Lecture for 1954. C. A. Coulson. Cambridge Univ. 
Press, New York 22, 1955. 35 pp. $0.50. 

Winter Key to the Woody Plants of the Northeastern 
United States and Adjacent Canada (Native and Exo- 
tic Species), Arthur Harmount Graves. The author, 
Wallingford, Conn., 1955. 33 pp. $1.35. 

Oral Health Survey of Tristan da Cunha. Reidar Fauske 
Sognnaes. Results of the Norwegian Scientific Expe- 
dition to Tristan da Cunha, No, 24. Det Norske Videns- 
kaps-Akademi, I Oslo, Norway, 1954. 145 pp. 

Symposium on the Laboratory Propagation and Detec- 
tion of the Agent of Hepatitis. Natl. Acad. of Sciences 
—Natl. Research Council, Washington 25, 1954. 115 
pp. $1. 

Further Studies on the Pleomorphic Microorganism Con- 
sistently Isolated from the Blood of Leprosy Patients 
(A Motile Rapidly Growing Form of Mycobacterium 
Leprae). Eleanor Alexander-Jackson. Reprinted from 
Memoria del VI Congreso Internacional de Leprologia, 
Madrid, 1953 (Copies obtainable from author, 390 
Riverside Dr., New York 25). 11 pp. 

Tree Improvement Research at the Lake City, Florida, 
Research Center: A Project Analysis. Francois Mergen 
and Kenneth B. Pomeroy. Sta. Paper No. 45, South- 
eastern Forest Expt. Sta., Asheville, N.C., 1954. 59 np. 

Bibliography of Syntheses with Carbon Isotopes. Com- 
piled by Judd C. Nevenzel et al. Atomie Energy Com- 
mission, Oak Ridge, Tenn., 1954 (Order from Office 
of Tech. Services, Dept. of Commerce, Washington 
25). 175 pp. $1.05. 

Activities of the Texas Engineering Experiment Station 
for 1952-53 and 1953-54. Research Rpt. 50. Com- 
piled by Arthur W. Melloh. Texas Engineering Expt. 
Sta., College Station, 1954, 40 pp. 

A New Pictographic Autobiography of Sitting Bull. 
Smithsonian Mise. Coll. vol. 123, No. 6 Alexis A. 
Praus. Smithsonian Institution, Washington 25, 1955. 
11 pp. 

Report of the Mechanical Engineering Research Board. 
With the report of the director of mechanical engi- 
neering research for the year 1953. Her Majesty’s 
Stationery Office, London, 1954. 64 pp. 2s. 6d. 

The Hawaiian Chain. E. H. Bryan, Jr. Bishop Museum 
Press, Honolulu, 1954. 71 pp. 

Environmental Physiology and Shelter Engineering. 
With special reference to domestic animals. X XIX. 
Effect of Radiation Intensity on Hair and Skin 
Temperatures and on Respiration Rates of Holstein, 
Jersey, and Brahman Cattle at Air Temperatures 
45°, 70°, and 80° F, Research Bull. 561. Agr. Expt. 
Sta., Univ. of Missouri, Columbia, 1954. 35 pp. 

Effect of Rainfall Characteristics and Soil Management 
Practices on Soil and Water Losses in Northwest 
Arkansas. Bull. 548. Agr. Expt. Sta., Univ. of Arkan- 
sas, Fayetteville, 1954. 54 pp. Gratis. 
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Preliminary Notes on the Culturing 
of Gymnodinium brevis Davis 


William B. Wilson and Albert Collier 
U.S. Fish and Wildlife Service, Galveston, Texas 


The mass mortality of fish off the west coast of 
southern Florida has attracted widespread attention 
since 1946. These catastrophes, commonly called Red 
Tides, have been associated with the high incidence of 
the marine dinoflagellate Gymnodinium brevis Davis 
(1) in the plankton populations (2, 3). Other investi- 
gators have reported conditions associated with these 
plankton blooms (4-8), but the study of this protist 
has been curtailed because of its sporadic occurrence 
in nature and the difficulty of maintaining it in lab- 
oratory culture. 

Preliminary field investigations and culturing of a 
related species, Gymnodinium splendens, provided in- 
formation that simplified the culturing of G. brevis. 
A medium composed of sea water, vitamin B,, (0.05 
ug /100 ml), and Van Niel’s (9) medium for sulfur 
bacteria (diluted 500 times) produced a eulture con- 
taining more than 2500 cells of G. splendens per mil- 
liliter from an initial inoculum of two cells per milli- 
liter in about 6 wk. Gymnodinium brevis responded 
better when the components of Van Niel’s sulfur bac- 
teria medium were diluted 1000 times and the vita- 
min B,. was increased to 0.1 wg/100 ml. The vitamin- 
B,. requirement of algal flagellates is discussed by 
Hutner and Provasoli (10). Vitamin B,, was required 
by dinoflagellates grown in pure culture by Provasoli 
et al. (11) and by Sweeney (12). 

Using the latter medium as a base and a standard, 
we tested inorganic compounds, organic compounds, 
vitamins, and extracts of materials known to oceur in 
nature, for example, soil and fish. By adding Florida 
peat extract, results were improved, but repeated ex- 
periments gave inconsistent results. A hot-water ex- 
tract of beef liver further increased growth. We later 
substituted thiamine and biotin for the liver extract. 
The addition of the disodium salt of ethylenediamine 
tetraacetic acid (EDTA-~-Na), a metal buffer, (also 
designated ethylenedinitrilo tetraacetic acid disodium 
salt) inereased the reliability of growth and resulted 
in the medium of Table 1. Soil extract, a more gen- 
erally available material, can be substituted for 
Florida peat extract with a slight reduction in growth. 

The conditions that we employed for culturing G. brevis 
are as follows: (i) Screw-cap test tubes 15 mm by 120 
mm without liners were used for most experiments. Mass 
cultures are grown in erlenmeyer flasks and 5-gal Pyrex 
bottles with polyethylene covers (prepared by heating 
polyethylene sheet until soft and then molding over the 
mouth of the container). The glassware is cleaned by 
immersion in aleohol and sodium hydroxide solution, al- 
lowed to simmer 30 to 40 min in a solution of Cleaning 
Compound, No, 3298 (Arthur H. Thomas Co.), and rinsed 
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10 times with tap water and 15 times with distilled water, 
Extensive rinsing is employed since erratic results may be 
caused by minor contamination. (ii) Sterilization by 
steaming for 30 min on three successive days is optimum 
for the growth of G. brevis. McLaughlin (13) shortens the 
time by allowing 4-hr intervals between three 1-hr steam- 
ing periods without affecting growth results. Autoclaving 
produces erratic results. Growth is more consistent if 
inoculation is delayed for 4 days after sterilization. (iii) 
Aged sea water from the Gulf of Mexico [salinity, 36.5 
parts per thousand (ppt) ] was used in all experiments, 
The salinity of natural water containing high concentra- 
tions of G. brevis is usually between 32 and 34 ppt. A 
medium prepared according to Table 1 has a salinity of 
approximately 32 ppt. (iv) The temperature was usually 
maintained between 26° and 28°C, with as little variation 
as possible. (v) The pH stabilizes between 7.7 and 7.9 
after sterilization. The pH of our aged sea water was 
between 8.1 and 8.2. The decreased pH is brought about 
by adding EDTA~Na. (vi) White daylight fluorescent 
tubes, 40-w, were used to maintain a light intensity of 
175 to 300 ft-ca. (vii) Neither agitation nor aeration is 
required for growth. (viii) G. brevis was isolated into a 
unialgal culture in September 1953 and has been continu- 
ously subeultured since that time. Cultures usually reach 
maximum growth in 6 wk. 


By substituting a group of trace metals (Fe, Zn, 
Mn, Sr, Rb, Mo, Co, Cu, Cr, Ti, Al, Si, and Zr) for 
soil extract, we obtained a medium that supports good 
initial growth of G. brevis, but continuous subeul- 
turing has not been successful. Titanium and zir- 
conium were added to the mixture, although they are 
not normally present in measurable amounts in sea 
water (14), because these metals were found abun- 
dantly in water of G. brevis blooms (7). 

Investigations led us to believe that heavy rainfall 
and subsequent river discharge are instrumental in 

Table 1. Medium for the unialgal isolation of G. brevis 
Davis. After all additions are made, there is approximately 
110 ml of medium. 


Aged sea water (salinity, about 36.5 ppt) 


95.0 ml 
Distilled water* 5.0 ml 
NH,Cl* 0.1 mg 
KH,PO,?* 0.05 mg 
MgCl, 6H,OF 0.02 mg 
NaHCo,?* 0.1 mg 
Na,S 9H,O07 0.1 mg 
Vitamin B,, 0.1 pg 
Thiamine hydrochloride 1.0 mg 
Biotin 0.05 pg 
Soil extractt 2.0 ml 
EDTA - Na (6 ml of 0.25-percent solution ) 15.0 mg 


* More or less may be required, depending on the salinity. 

+ Added as 0.5 ml of the following solution of the compon- 
ents of Van Niel’s medium for sulfur bacteria : NH,Cl, 0.2 g; 
KH,PO,, 0.1 ¢; MgCl,-6H,O, 0.04 g; NaHCO,, 0.1 g; and 
Na,S + 9H,0, 0.2 g to 1 lit of distilled water. 

£ Simmer for 40 min a mixture of 500 g of garden soil and 
1 lit of distilled water. Let it stand for 4 days and decant 
the supernatant. Repeat simmering and decantation until ex- 
tract is clear. Our soil gives a yellowish-brown extract. 
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initiating a bloom of G. brevis (8, 15, 16). On the 
basis of this belief, we conducted culture experiments 
whereby mediums were prepared by adding river 
water, extracts of peat soils from the western Florida 
coastal region, or both, to sea water from the Gulf 
of Mexico. Sea water containing 4 to 10 ml of river 
water per 100 ml supported limited growth of G. 
brevis. Seven to 10 ml of rivey water or peat extract 
per 100 ml of sea water is better, and peat extract or 
mixtures of peat extract and river water at this con- 
centration are more productive than river water alone. 
The addition of vitamin B,, (0.05 ug/100 ml of 
medium) improved the reproducibility and growth. 

The conditions in a bloom of G. brevis often led us 
to believe that fish which had been killed and subse- 
quently decayed imparted nutrients that helped to 
perpetuate the bloom. We designed culture experi- 
ments to determine whether extracts of partially de- 
eayed fish promoted growth. The results of these ex- 
periments indicate that the extracts contain one or 
more growth-promoting substances. Robinson (17) 
lists fish, or portions thereof, as containmg vitamins 
B,., biotin, thiamine, and other B-complex vitamins. 

Laboratory cultures of G. brevis have attained 
homogéneous concentrations exceeding 2 million cells 
per liter. This concentration is far below the highest 
report (2, 3); however, the values cannot be com- 
pared. Among other reasons, G. brevis in cultures con- 
centrate to form masses that we disperse by shaking 
before making counts. A similar tendency to concen- 
trate, but on a larger scale, may be expected in nature. 
Counts of a sample from such a concentration would 
be high. Ketchum (5) considered a tendency of the 
organism to concentrate as a possible cause of high 
surface organic phosphorus concentrations. 

Mass cultures of G. brevis maintained in this labo- 
ratory are toxic to fish. We conducted toxicity experi- 
ments using Mollienesia sp. and Mambras vagrans as 
test fish. Controls consisted of water taken at the col- 
lecting point of the fish and unialgal cultures of G. 
splendens containing more than 2.5 million cells per 
liter. All fish died in the water containing G. brevis, 
but none died in either of the controls. This experi- 
ment was repeated with the same results (18). 
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Visual Detection of Temperature-Density 
Discontinuities in Water by Diving 


Conrad Limbaugh and Andreas B. Rechnitzer 


Scripps Institution of Oceanography, 
La Jolla, California 


Direct visual oceanographic observations of subsur- 
face physical phenomena, formerly probed only by 
instrumentation, have gained impetus and have at- 
tained a much higher level of significance since the 
advent of such self-contained diving equipment as the 
Aqua-lung. Representatives of many of the scientific 
disciplines who participate in the study of the oceans 
have found a variety of uses for this direct method of 
observation, sampling, and measurement. Extensive 
free-diving research activities are carried on through- 
out the year at the Scripps Institution of Oceanogra- 
phy. The observation potential of the diving method 
of detecting, delimiting, and deseribing the tempera- 
ture and other physical characters of water masses 
is, we hope, exemplified by the findings recorded 
here (1). 

In certain areas, including places where the use of 
the bathythermograph (2) is difficult or inconvenient 
and where the water-mass pattern is on such fine seale 
that ordinary bathythermograph lowerings would 
likely miss important features, the thermocline and 
other phenomena can be detected visually and sen- 
sually by divers. Investigations of more oceanic waters 
by diving has been limited, but some information 
about the .interfaces at thermoclines there has also 
been obtained (3). 

Visual detection of the thermocline (or thermo- 
clines) and of water-mass differences have been 
achieved in several ways: (i) indirectly by observing 
the vertical distribution of living organisms and other 
suspended particles, (ii) by viewing the refractory 
plane at the temperature-density discontinuity, and 
(iii) by the “stream” lines (refraction patterns) 
formed during the mixing of water masses of dif- 
ferent density. 

Frequently, plankton and leptopel (4) accumulate, 
so that they are readily visible at the temperature- 
density interface, where they are detained either 
above or below the discontinuity by the difference in 
water density. The groups of macroscopic animals 
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Fig. 1. Schematic representation of three temperature- 
density discontinuities observed by diving, with a bathy- 
thermogram appropriate for each of the temperature 
changes across the discontinuity. 


that very frequently accompany such aggregations 
may be the only visible indications of a poorly de- 
fined thermocline. Patches of “red-water” resulting 
from blooms of Gymnodinium or Prorocentrum in- 
crease the turbidity of the surface layer, rendering it 
muddy and reducing visibility. The change to nor- 
mally clear water below the turbid canopy at the 
thermocline, sometimes dramatically abrupt, clearly 
defines the location of the discontinuity. The concen- 
trations of organic matter are most easily ascer- 
tained when the interface is near eye level (Fig. 1). 
Diving observations made in conjunction with simul- 
taneous fathometer recordings of a diffuse near-sur- 
face reflection source have shown a definite agreement 
between the movements of the thermocline and of the 
associated living organisms and leptopel concentra- 
tions. 

Difference in density between two water masses 
have been seen by us: (i) as a sniooth, flat refractive 
plane of demarcation between two undisturbed water 
masses, and (ii) as an irregular boundary between 
two unstable masses undergoing mixing. The inter- 
face between two relatively quiescent masses of water 
is nearly parallel to the surface. Such a thermocline 
is best viewed by looking directly along the interfacial 
plane. Certain conditions, however, permit a greater 
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angle of detection. A striking observation was made 
during the fall of 1953, at a time when the surface 
was calm and the water was clear. In the small tribu- 
taries at the head of the Scripps Submarine Canyon, 
at a depth of 100 ft, therg are many small depressions 
containing trapped plant detritus. Among these accu- 
mulations of decaying vegetation were open areas 
with “pools” of turbid water, free of large pieces of 
matter. The upper surface of these clear areas in the 
depressions had a refractive-index differential great 
enough to reflect a mirror image of some kelp, Macro- 
cystis pyrifera, which extended well above the surface 
of the depression (Fig., lower right). The entrapped 
water mass was only a few inches thick and, when 
probed by hand, was found to be markedly colder 
than the water above it. Other “mirror” pools were 
found in the vicinity, and all probably represented 
remaining portions of a cold water mass that had 
recently left the area. These pools are evidently tran- 
sient phenomena, since they have seldom been ob- 
served. 

On 19 September 1954, another interfacial discon- 
tinuity was seen near Avalon Harbor, Catalina Island. 
We descended to the steep sloping bottom at a depth 
of 60 ft without encountering a thermocline. Swim- 
ming along the bottom, however, we encountered an 
upwardly convex tongue of dense water 4 ft high and 
10 ft wide, flowing parallel to the beach. The inter- 
face was well defined and easily discerned at any 
tangent across its surface. A sharp thermal gradient 
was noted as we penetrated the tongue, which ex- 
hibited refractive lines or patterns comparable to the 
mixing of two miscible liquids of unlike densities. 

Unfortunately most of our underwater encounters 
with well-defined thermoclines and density discontin- 
uities have been made without mechanical instruments 
or sampling devices, other than a depth gage, and 
were incidental to other objectives. The amount of 
oceanographic information available to the human 
sense is so great that each dive may reveal an enigma 
that can be only casually noted if the primary pur- 
pose of the dive is to be attained. As the utilization 
of self-contained diving apparatus in oceanographic 
research continues to expand, many contributions of 
value will undoubtedly be made, not only through 
simple observation but also through observation sup- 
plemented by the use of instruments and collecting 
gear carried by the diver. In particular, but not ex- 
clusively, we may hope for a more thorough under- 
standing of the rapidly changing, relatively small- 
seale processes that characterize near-shore waters 
and are receiving an increasing share of attention 
from oceanographers. 
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On Some Aspects of Spatial Pattern 
in Biological Populations 


Philip J. Clark and Francis C. Evans 


Institute of Human Biology, 
University of Michigan, Ann Arbor 


The spatial pattern of distrébution of the individual 
members of a population of organisms is obviously 
of importance in the analysis of population behavior. 
A knowledge of this pattern and of the forces re- 
sponsible for it finds practical application, for exam- 
ple, in estimating the rate of spread of genetic muta- 
tions or in predicting the course of an epidemic. Such 
problems have attracted the interest of biometricians, 
and in recent years there have been numerous contri- 
butions to the statistical theory of distribution. 

Recently, some attention has been given to the pos- 
sibility of using distance between individuals as a 
variable in distribution analysis. Of the many dis- 
tance relationships that exist, the most easily ascer- 
tained and the most amenable to mathematical treat- 
ment is the distance to nearest neighbor. Dice (1), 
Skellam (2), Moore (3), and Clark and Evans (4) 
have all made use of the distance to nearest neighbor 
in the study of spacing. Further reflection suggests 
that the nearest neighbor relationships in a popula- 
tion may in themselves reveal information about the 
distribution pattern that does not require measure- 
ment of the actual distances involved. 

In natural populations, many individuals are spa- 
tially related to one another in a “reflexive” manner; 
that is, in many cases two individuals are closer to 
each other than either one is to any other individual. 
When the distance between two such individuals is 
small compared with distances to other individuals, 
there is an obvious occurrence of pairs, but in many 
situations this pairing tendency is much less readily 
apparent. It ean be shown, however, that in a ran- 
domly distributed population the relation of nearest 
neighbor is reflexive for a definite proportion of indi- 
viduals. Consider two individuals, I, and J,, in a 
population of density p distributed at random in two- 
dimensional space, and let the distance between them 
be denoted by r. Then J, and J, may be regarded as 
the centers of two intersecting circles of radius r, to 
be designated as circle 1 and circle 2, respectively. 


The probability that I, is the nearest neighbor of I, 
involves the assumption that circle 1 contains no other 
individuals; this probability ean be shown to be 


= 2arpe 


Then, given the event that J, is the nearest neighbor 
of I,, the probability that I, is also the nearest neigh- 
bor of J, is the probability that the portion of circle 
2 not included in circle 1 contains no other individ- 
uals; this probability is 


V 2/2) 


Now the probability that J, and I, are the nearest 
neighbors of each other is the product of the two 
probabilities just given. By taking the integral from 
r=0 to r=~ of this joint probability, we find the 
proportion P of the population for which the rela- 
tion of nearest neighbor is reflexive to be 


6x 


= = 0.6215 
ix + 


This expected proportion of reflexives has been veri- 
fied empirically in a synthetically constructed random 
population of 1000 points (Table 1). The number of 
individuals for which the relation of nearest neighbor 
is reflexive was found to be 602 in this population, 
and the difference between this and expectation is not 
statistically significant. 

It may also be observed that the individuals of a 
population differ with respect to the number of other 
individuals for which they serve as the nearest neigh- 
bor. Some members of a population may be so placed 
that they are not the nearest neighbors of any other 
individual. Others, however, may serve as nearest 
neighbor to several individuals. In a random popula- 
tion of infinite size, the proportions of individuals 
that are nearest neighbors to 0, 1, 2, or more other 
individuals form a definite distribution that is inde- 
pendent of the population density. We have not sue- 
ceeded in deducing the probabilities for these pro- 
portions, but approximations to them were obtained 
empirically from the synthetic random population 
mentioned previously (Table 1). Nearly 30 percent 
of the points did not serve as nearest neighbor to 
any other point, and approximately 70 percent were 
nearest neighbors to 1, 2, or 3 other points. The prob- 
ability of serving as nearest neighbor to 4 or more 


Table 1. Proportions of reflexive distances to nearest neighbor and of individuals serving as nearest neighbor to 


0, 1, 2, and 3 other individuals in various populations. 


Proportion 
ue of nearest Proportion of individuals serving as 
Nature of oe neighbor nearest neighbor to 
individuals 
population relations 
in population that ane 
“ae 0 1 2 3 4 or more 
reflexive 
Synthetic random 1000 0.602 0.297 0.453 0.225 0.025 0.000 
Liatris aspera 197 579 .289 A6T .208 .036 .000 
Lespedeza capitata 184 .609 315 435 201 049 .000 
Solidago rigida 89 .607 315 416 .258 011 .000 
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individuals is evidently extremely small. It can be 
shown to be impossible for any individual to be 
nearest neighbor for more than 5 other individuals. 

These proportions of nearest neighbor relationships 
prove not to be restricted to random distributions. 
They may also occur in populations marked by a con- 
siderable degree of aggregation or clumping. For ex- 
ample, as is shown in Table 1, similar proportions 
were found to exist in populations of the plants 
Liatris aspera Michx., Lespedeza capitata Michx., and 
Solidago rigida L. oceurring in an old field on the 
E. S. George Reserve, Pinckney, Mich. All of these 
have been shown to exhibit marked clumping tenden- 
cies (4). It is evident, therefore, that these nearest 
neighbor relationships are not affected by all types 
of departure from randomness. The distributional 
forees responsible for the aggregation in these plant 
populations seem not to have influenced their nearest 
neighbor properties. The most important factors in 
their distribution appeared to be the patchiness of 
environmental conditions and the particular methods 
of reproduction and dispersal of each species. 

It is clear, however, that the nearest neighbor prop- 
erties of populations will respond readily to social 
forces affecting distribution. Any social force that 
promotes the formation of pairs or of other rela- 
tively small groups will tend to increase not only the 
proportion of reflexive relationships but also the pro- 
portion of individuals that serve as nearest neighbor 
to 1 or more other individuals. When these propor- 
tions are greater than expected, one can conclude that 
in some way the individuals have responded positively 
to one another. 

These observations suggest a way of separating the 
consequences of social forces from other factors af- 
fecting the spatial patterns of distribution in bio- 
logical populations. 
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Direct Recording from the A-V Conducting 
System in the Dog and Monkey 


Allen M. Scher 


Department of Physiology and Biophysics, 
University of Washington School of Medicine, Seattle 


The functional properties of the cardiac purkinje 
tissue, like those of many anatomical entities, are 
known mainly from deduction and indirect methods. 
Older physiologists recognized that there is a delay 
between auricular and ventricular activity, and also 
that a bridge of special tissue connects these two di- 
visions of the heart. They rightly concluded that the 
electric impulse is confined within this tissue during 
at least part of the delay. Lewis (7) in his work on 
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Fig. 1. Electric activity in conducting bundle of dog. 
(A) Records from electrode high in mid-interventricular 
septum under valve ring. Potential in center is from the 
bundle; slower potential changes at right show negative 
(receding) followed by positive (approaching) activity 
resulting from activation of ventricular myocardium. (B) 
Simultaneous Lead II ECG. P wave appears at left and 
QRS complex at right. It can be seen that biphasic bundle 
potential occurs about midway between auricular and 
ventricular activity. (C) Same potential as A, but faster 
sweep speed. Time pips were delivered simultaneously to 
both channels at 5-msee intervals. Bundle potential on A 
and C has peak-to-peak value of 3 my. 


the excitation of the heart correlated the peripheral 
distribution of the purkinje fibers in the ventricle 
with his findings relative to the sequence of cardiac 
excitation. Further, he and others found that cutting 
peripheral ramifications of the conducting system or 
destroying the A-V node caused changes in excita- 
tion. Recently Draper and Weidemann (2), using in- 
tracellular microelectrodes, have given an excellent 
picture of the electric characteristics of the portions 
of the conducting system that may be easily removed 
and studied, the false tendons. However, direct study 
of the tissue in the intact heart, particularly of the 
portions buried in the interauricular and interven- 
tricular septa, has not previously been available. 

During a continuing study of the pathway of nor- 
mal ventricular activation, we had often taken records 
of excitation of the false tendons which cross the ven- 
trieular cavities, and it seemed possible to record from 
portions of the conduction system nearer to the A-V 
node and from the node iself. 

Available apparatus consisted of a multichannel 
oscilloscope and multipolar needle electrode. These 
and the associated techniques have been described (3, 
4). The multichannel apparatus facilitated scanning 
of many loci in a search for potentials. In the open- 
chested dog, exploring electrodes were inserted into 
the interauricular septum anterior to the coronary 
sinus in the area where Tawara (5) has located the 
A-V node. Other electrodes were pushed into the 
interauricular and interventricular septa along the 
pathway of the conducting bundle and its branches 
and into the apical ventricular cavity where preter- 


ScreNCcE, Vou. 121 


minal 
the fi 
ful i 

Th 
props 
not v 
have 
elect 
polar 
other 
ords 
the n 
activ: 

An 
recor 
2-msi 
of at 
vent 
from 
prete 
simil 


Sine 
actus 
the ¢ 
tem 

miss) 
foun 
wall. 
ware 
is id 
is m 
mins 


A 
/ 
| 
his: 
vent 
node 
quire 
ducti 
tion 
TI 
that 
dela: 
ig. 
fron 
vent 
tend 
proc 
II } 
neg: 
mse 
posi 
= 18; 


minal branches of the conduction system constitute 
the false tendons. These procedures have been success- 
ful in four dogs and one monkey. 

The potentials from the region of the A-V node 
proper require a detailed and critical study, which is 
not within the compass of the present paper. They 
have varied markedly in certain respects. At times an 
electrode in this region records a local auricular de- 
polarization followed by nodal depolarization, but at 
other times the former is lacking. Moreover, the rec- 
ords thus far do not permit any statement regarding 
the nature of A-V nodal delay or the mechanism of 
activation of the node. 

An electrode a few millimeters from the A-V node 
records a small potential, usually biphasic, of about 
2-msee duration and 5-mv amplitude (Fig. 1). This 
potential appears about 10 msec after the last sign 
of auricular activity and precedes the earliest sign of 
ventricular activity by about 40 msee. The potentials 
from the intraventricular false tendons containing the 
preterminal branches of the conduction system have 
similar characteristics, but precede earliest myocardial 
ventricular activity by only a few milliseconds (Fig. 
2). If the direct distance between electrodes near the 
node and the false tendon is divided by the time re- 
quired for impulse transmission, the caleulated con- 
duction velocity falls between 1.4 m and 1.7 m/sec. 
Since the impulse does not follow a straight path, the 
actual velocity must be greater. Thus, it appears that 
the conduction rate in the more central part of the sys- 
tem is nearer the 2.0 m/sec rate calculated for trans- 
mission in the false tendon (2) than the 1.0 m/see 
found (4, 6) in the lining of most of the ventricular 
wall. When this system is stimulated in either a for- 
ward or a retrograde direction, the transmission time 
is identical to that during the spontaneous beat. There 
is no appreciable delay between activation of the ter- 
minal portions of the conducting system and activa- 
tion of the ventricular musculature. 

This work (7) is being continued with the hope 
that the difficult problem of the nature of A-V nodal 
delay and excitation will ultimately be understood. 


Fig. 2. Activity in false tendon of monkey. (4) Records 
from electrode that pierced false tendon in lower left 
ventricular cavity. Biphasic potential at left is from false 
tendon. Negative potential at right is caused by activity 
proceeding away from left cavity. (B) Simultaneous Lead 
II ECG. Time pips 5 msec. Biphasic potential on A has 
peak-to-peak value of 8 mv; it is followed in 7.5 msee by 
negative cavity deflection on that channel. ECG on B, 2.5 
msee later, shows negative (Q) deflection followed by 
positive deflection. 
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Dosage Effect of Multiple Dt Loci on 
Mutation of a in the-Maize Endosperm 


M. G. Nuffer 


Department of Field Crops, 
University of Missouri, Columbia 


The mutability of certain alleles at the A loeus on 
chromosome 3 in maize is affected to a remarkable 
degree by the gene Dt located on chromoseme 9 (1). 
The mutations produced are changes of a to A that 
can be expressed, when the appropriate complemen- 
tary genes are present, as long, slender, purple sec- 
tors of (Aa) cells surrounded by otherwise green or 
brown (aa) plant tissue and as frequent small purple 
or red (Aaa) dots on the colorless (aaa) aleurone of 
the seed. 

In an effort (2) to find other genes similar to Dt, 
98 strains of maize from Central and South America 
were tested. Included were 1 from Argentina, 5 from 
Bolivia, 6 from Brazil, 17 from Colombia, 2 from 
Costa Riea, 11 from Eeuador, 4 from Guatemala, 7 
from Honduras, 4 from Mexico, 7 from Nicaragua, 
31 from Peru, and 3 from Venezuela. The test con- 
sisted of backerossing Aa heterozygotes, to an a™ dt 
tester and examining the ears produced for colorless 
seeds with red or purple dots (reversions). The a” 
allele in the stock used is extremely sensitive to the 
action of Dt (3), and therefore it provides an excel- 
lent indieator of the presence of possible weak ex- 
pressions of Dt. Two of the races tested gave posi- 
tive dotting: a Brazilian yellow flint variety called 
Cateto and a purple aleurone race from the Peruvian 
coastal village of Huarmey. 

A number of investigations were made for the pur- 
pose of locating and characterizing these two possible 
Dt genes. Tests for their allelism with Dt, and with 
each other showed that they are independent loci. 
They were, therefore, designated Dt, (from Brazil) 
and Dt, (from Peru). Preliminary linkage data from 
the original backcross indicate that Dt, is linked to Y 
(Y produces yellow endosperm and y white) on chro- 
mosome 6 with 26-percent recombination. Linkage 
data are not yet available for Dt,. An effort was 
made, using the x-ray induced deficiency method (4), 
to confirm the location of Dt, and to place both Dt, 
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and Dt, in their proper positions on the chromosome 
map. Two plants, one deficient for Dt, and the other 
for Dt,, were obtained. Cytological examination re- 
vealed that the first had lost all the long arm of chro- 
mosome 6, except for the three heavy-staining proxi- 
mal chromomeres, and that the second was deficient 
for the terminal end of the long arm of chromosome 
7, including all the material beyond the heterochro- 
matic knob that commonly occurs on this chromosome. 

From the afore-mentioned facts it can be reasoned 
that, since Dt, is included in a deficiency of the long 
arm of chromosome 6 and is linked with 26-percent 
recombination to Y (Y is located very near the cen- 
tromere), it must be approximately 26 crossover units 
distal to Y or near the gene Pl. Comparable data are 
not available for an accurate placement of Dt;. 

The behavior of both Dt, and Dt, is similar to Dt, 
in that all three cause a and a™ to mutate at compar- 
able frequencies and in a fashion characteristic of the 
a allele involved. Similarly, there is an exponential in- 
crease in response to each when their respective 
dosages are increased from one to three in the endo- 
sperm. 

A preliminary comparison of Dt, and Dt, was made 
using the offspring from the cross of aa, Dt, Y/dt, y, 
Dt, dt, by homozygous a, dt, y, dt,. Ears were ob- 
tained that had seeds of the noncrossover classes; yel- 
low Dt, (two doses), yellow Dt, Dt, (four doses), 
white Dt, (two doses), and white nondotted plus the 
recombination classes white Dt,, white Dt, Dt,, yel- 
low Dt, and yellow nondotted. The four-dose seeds 
have 10 times as many reversions as the two-dose 
seeds of either the Dt, or the Dt, types, thus allowing 
identification of the two-dose class. 

Even though crossing over between Dt, and Y is 
high, sizable differences in dotting frequency and 
character between Dt, and Dt, should be demon- 
strated in a comparison of the two-dose yellow seeds 
with the two-dose white ones. Reversion counts of 
53 seeds revealed that the average dot number for 
yellow seeds was 6.04+3.5 and for the white seeds 
was 5.73+3.4. Such a slight variation in dot number 
coupled with an apparent lack of differences in the 
character of the reversions observed on these sib seeds 


dot no, 
38 » Dt, 


30, 


Doses of Dt 


Fig. 1. The effect of one to three doses of Dt,, Dt, and Dt, 
from selfed aa Dt Dt ears. 
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Fig. 2. The effect of the combined dosage of Dt, and Dt, 
on dot frequency. 


provide some justification for considering Dt, and Dt, 
as equivalent, and for attributing the differences in 
dot number among the three unrelated Dt cultures 
listed in Fig. 1 to genetic modifiers. 

Since Dt,, Dt, and Dt, have similar dosage rela- 
tionships, experiments dealing with their combination 
for higher doses have distinet possibilities. It should 
be possible in the 3N maize endosperm to get up to 
nine doses of Dt with these genes. At present only the 
data from the addition of Dt, and Dt, are available. 
Seeds with three, four, five, and six doses of Dt were 
obtained from the cross of aa, Dt, Y/dt, y, Dt, Dt, 
by aa, Dt, y/dt, y, Dt, Dt,. These dots on each seed 
were counted, the seeds were sorted for Y and y, and 
adjustments for crossing over were made. 

As can be seen by the data presented in Fig. 2, the 
frequency of dotting increases with increasing Dt 
dosage up to six doses, even though it is not clear 
whether the curve is an exponential one, a linear one, 
or one represented by the part of a sigmoid curve 
that lies near the point of inflection. Data from the 
addition of Dt,, which will permit the study of seven, 
eight, and nine doses of Dt, should extend the curve 
to a point that will indigate which type of curve we 
have. 

Significantly, the character of the reversions pro- 
duced does not change when their frequency is al- 
tered. The dots at all dosage levels have the same size, 
shape, and color intensity. This is quite different from 
the behavior of other mutable loci-mutator combina- 
tions, such as MeClintock’s Ds-Aec system (5) and the 
bz-M system (6), in which changes in dosage of the 
mutator not only cause a change in frequency but also 
in size of the sectors produced. 
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Communications 


Effect of Arasan-Treated Corn 
on Laying Hens 


During the summer of 1954 a diseaselike condition 
occurred on at least six farms in Minnesota involving 
approximately 75,000 hens. Most of these were located 
on a large breeding farm (1), fhe owner of which ap- 
pealed to the University of Minnesota animal diag- 
nostic laboratory for assistance. 

Birds in full egg production stopped laying nor- 
mal eggs. Subsequently many soft-shelled eggs were 
found under the roosts. Most of the few hard-shelled 
eggs were misshapen. A similar pattern occurs when 
hens are afflicted with Neweastle disease, infectious 
bronchitis, or pullet disease, but an attempt to isolate 
an infectious agent was unsuccessful. 

After 2 wk the birds returned toward normal pro- 
duction. However, the same egg-production disturb- 
ance soon reappeared. Hens laying 500 eggs daily per 
700-bird pen produced 20 to 30 abnormally shaped 
eggs plus many soft-shelled eggs. With recurrence, 
the possibility of disease was virtually ruled out, since 
acute diseases usually impart an immunity to re- 
covered birds. 

A home-mixed ration was used on this farm. Dur- 
ing the second outbreak, a few of the many pens 
were changed to a commercial ration. Egg production 
improved rapidly in these pens. Thus, feed was im- 
plicated with the disturbance. 

Therefore, an on-the-farm experiment was con- 
ducted in which various ingredients were omitted 
from the normal diet to determine whether a single 
feed ingredient was responsible. The result indicated 
that corn was causing the difficulty. 

Experiments were then conducted in the university 
poultry department in which various seed treatments 
were tested in hen diets. Arasan-SFX had a very pro- 
nounced depressing effect on egg production, similar 
to that produced by the toxic farm rations. 

A further experiment (Table 1) compared the per- 
formance of a group of hens receiving an implicated 
farm ration (field ration A) with that of groups re- 
ceiving Arasan additions to normal diets (2). This 


experiment was performed in batteries with wire- 
mesh floors to permit daily observation of soft-shelled 
eggs. The hens receiving field ration A showed only 
a mild egg-production depression and produced but 
few soft-shelled eggs. About one-half of the eggs pro- 
duced were abnormally shaped. This result was simi- 
lar to that of the group receiving 50 parts per million 
(ppm) of Arasan; however, egg production was 
more severely affected by the 50-ppm Arasan diet. 
Hens receiving 100 to 200 ppm of Arasan ceased lay- 
ing normal eggs immediately and began producing 
soft-shelled eggs. In an attempt to show this latter 
behavior with an implicated farm ration, additional 
hens were added to the experiment and were fed field 
ration B. The behavior of this group paralleled that 
of the group receiving 100 ppm of Arasan. 

The various rations used in this experiment were 
analyzed chemically for tetramethylthiuram disulfide 
(TMTD), the active fungicidal ingredient of Arasan. 
Field rations A and B contained the equivalent of 
about 22 and 104 ppm of Arasan, respectively. Thus 
the result of the chemical analysis confirmed the bio- 
logical response presented in Table 1. 

Since the Arasan product used in this investigation 
contained 25 percent of inert ingredients, it was im- 
portant to determine whether the active fungicidal 
ingredient also caused the egg-production disturbance. 
Therefore, a practical grade of TMTD was reerystal- 
lized and tested; TMTD was found to be entirely re- 
sponsible for the effect of Arasan. 

The mode of action of TMTD in the metabolism of 
the hen is obseure. The shell-less eggs are laid at 
night. This suggests premature expulsion of the egg 
from thé uterus, where the hard shell is normally 
deposited. Experiments designed to elucidate the me- 
tabolie disturbance are in progress. 

The tetraalkylthiuram disulfide series of compounds 
has a wide variety of uses. The methyl derivative is 
employed as a seed and turf fungicide and is also 
used widely as an accelerator in the vulcanization 
process of rubber manufacture. The ethyl derivative 
is the active component of Antabuse, employed in the 
treatment of chronic alcoholism in man. The tetra- 


Table 1. Effect of Arasan-SFX and implicated farm rations on egg production, Each number without parenthesis 
represents the number of hard-shelled eggs laid by eight S.C. White Leghorn hens during a 4-day period; each num- 
ber in parenthesis represents the number of soft-shelled eggs laid during the same period. 


Preexperi- Days of experimental period 
Diet mental 

4 days 1-4 5-8 9-12 13-16 
Control 27 27 ( 0) 27 ( 0) 26 ( 0) 25 (0 
Control plus 10 ppm Arasan 25 27 ( 0) 22 ( 2) 22 ( 1) 23 (1) 
Control plus 50 ppm Arasan 23 24( 1) 18 ( 1) 12 ( 3) 7 (3) 
Control plus 100 ppm Arasan 28 17 ( 5) 1 (11) 1( 6) 1 (6) 
Qontrol plus 200 ppm Arasan 23 8 (16) 0 (11) 0 (12) 0 (6) 
Field ration A 24 20 ( 3) 16 ( 2) 11 (1) 15 (1) 
Field ration P* 15 ( 9) 1( 8) 


* Field ration B was tested 8 days later than were the other diets. All birds were in good production as judged by previ- 


ous trap-nest records. 
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methyl compound is more toxic than the tetraethyl 
compound for laboratory rats. 

A recent report (3) dealing with the use of Arasan- 
DDT-treated seed corn (simultaneous with an epsom- 
salt flush) in a small farm flock of hens has come to 
our attention. Egg production was observed to de- 
crease rapidly. However, no conclusions were drawn 
regarding the causative agent. We are aware of no 
other published information related to the extreme 
toxicity of Arasan for hens (4). 

A sample of corn meal obtained from a farm 
severely affected during these outbreaks contained 470 
ppm of TMTD. Fully treated seed corn contains 
about 630 ppm of TMTD. The corn meal in field 
rations A and B contained about 35 and 160 ppm of 
TMTD, respectively. Thus Arasan-treated seed corn 
could be diluted heavily with nontreated corn and still 
produce disastrous results. The label on the container 
of Arasan-SFX used in this study stated: “The use 
of this seed for food, feed, or oil purposes is not 
recommended” (5). 

Because of the hen’s rapid reproductive rate (200 
to 300 eggs per year), ease of maintenance, and sensi- 
tive reproductive mechanism, it would seem to be an 
ideal subject for toxicologic studies. Certainly, routine 
growth studies leave much to be desired in the evalu- 
ation of potentially toxie substances. 

P. E. WaArBEL 
B. 8. Pomeroy 
Evron L, JOHNSON 
Departments of Poultry Husbandry 
and Veterinary Science, 
University of Minnesota, St. Paul 
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middlings 10, alfalfa meal 5, meat and bone scraps 7.5, 
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stone 0.75, iodized salt 1.0, feeding oil (300 D-2250 A) 
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ist, Minneapolis District, Food and Drug Administration, 
for his cooperation during this study. 

5. Arasan-SFX (Du Pont) contains 75 percent tetramethyl- 
thiuram disulfide, which is the active fungicidal ingredient 
in seed treatment. 
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An Application of Statistics 


It is commonly stated that one can prove anything 
by statistics. The mere fact that two variables are 
significantly correlated by accepted statistical treat- 
ment of valid observations does not ipso facto prove 
that the correlation has any biological meaning. In 
searching for a phenomenon that would illustrate 
these truisms, I was struck by the fact that months 
with short names are generally, in the north temperate 
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zone of the continental United States, the warm ones, 
and those with long names are the cold ones. The 
short-name months also tend to have more rainfall 
than the long-name months. 

To test whether or not there was a statistically sig- 
nificant correlation between the length of the name of 
the month and the temperature and precipitation, 
meteorological data for Chicago, Illinois, were chosen, 
The data represented the mean monthly temperature 
and the mean monthly precipitation for that station; 
the source was Annual Climatological Summary, 
1947. The statistical procedures employed were taken 
from F. E. Croxton [Elementary Statistics with Ap- 
plications in Medicine (Prentice-Hall, New York, 
1953) ]. The regression equation that related the num- 
ber of letters in the names of the months (Y) and the 
mean monthly temperature (7) was Y = 8.46 —0.047T. 
The correlation coefficient was — 0.448 (P=0.15). This 
association was suggestive but not statistically signifi- 
cant. The regression equation that related the number 
of letters in the names of the months (Y) and the 
mean monthly precipitation (P) was Y=11.92- 
2.10P. The correlation coefficient was —0.611 (0.05 
< P < 0.025). This association was significant at the 
5-percent level. These associations have proved to be 
useful teaching examples of what can be done by the 
application of statistics, for here are significant cor- 
relations without a priori or a posteriori bases. 

FREDERICK Sarcent, II 
Department of Physiology, 
University of Illinois, Urbana 
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Note on a Visible Thermocline 


On the afternoon of 5 May 1954 I was exploring 
the reef off Vaiala, slightly more than 4% mi to the 
east of the harbor of Apia, Upolu, Western Samoa, 
in search of a good collecting site for the inverte- 
brates I was studying [under a grant from the Ber- 
nice P, Bishop Museum in Honolulu]. I was wearing 
“skin-diving” equipment, a face plate and swim fins. 

The day had been very hot and still, and the sur- 
face waters over the 14%-mi broad fringing reef were 
extremely warm, actually hot to the body upon en- 
trance. Moreover, this water was so turbid from sus- 
pended matter carried down from the hills in a recent 
storm that the underwater visibility was less than 3 
or 4 ft. There was very weak surf on the reef front. 

At the reef front I dived down to explore the bot- 
tom, about 30 ft deep. As I went down I was able 
to detect three layers in the water. The hot turbid 
layer was 4 or 5 ft deep and sharply delimited from 
the intermediate layer, which was moderately warm 
and quite clear. Below the intermediate layer, which 
extended down to about 15 ft, there was a markedly 
cooler and clearer layer extending to the bottom. 

On the completion of my first dive to the bottom I 
“eoasted” back up, allowing the buoyancy of my body 
to carry me slowly to the surface while I looked at 


Science, vou. 121 


the re 
interm 
in the 
of gla 
of div 
swimn 
not vi 
throug 
tween 
be see 
interf 
no thi 

Unf 
to me 
eould 
ments 
for th 
the re 
ereasi 
Sverd 
Ocear 
These 
differ: 
ties. ' 
in the 
a ver’ 

Alt 
betwe 
my y 
befor 
remal 
repor 


Depa 
Unive 


8 Dee 


Prey 
Hor 


In 
sis i 
(195: 
servi 
whet 
const 
swer 


in di 


Ng 

prop 
strip 
betw 
Rs 

atmo 
from 

the ¢ 

t 

rue 

the 

curr 
As 


te- 


the reef. As I passed from the bottom layer to the 
intermediate layer I noticed a discrete horizontal line 
in the water, somewhat similar to the edge of a piece 
of glass. I wondered about this line and made a series 
of dives to investigate it. Diving down the motions of 
swimming caused so much agitation that the line was 
not visible, but by returning slowly to the surface 
through the undisturbed water the demarcation be- 
tween the layers was visible each time. It could not 
be seen from more than 2 or 3 in. above or below the 
interface, and viewed horizontally it seemingly had 
no thickness but was merely a refractive plane. 

Unfortunately in my field gear I had no equipment 
to measure salinity, temperature, or even depth, so I 
eould not confirm my observations with any measure- 
ments. However, there can be only one way to account 
for the plane that I observed. It is well known that 
the refractive index of sea water increases with de- 
creasing temperature and increasing salinity [H. U. 
Sverdrup, M. W. Johnson, and R. H. Fleming, The 
Oceans (Prentice-Hall, New York, 1946), p. 70]. 
These two masses of clear, still water certainly had 
different temperatures and probably different salini- 
ties. The plane seen was the result of the difference 
in their refractive indices and marked the location of 
a very sharp thermocline. 

Although I have often seen a sharp demarcation 
between turbid water and clear water while diving, in 
my years of skin-diving in the Pacific I have never 
before seen this phenomenon. I have never heard it 
remarked upon by other divers, nor have I seen it 
reported in the literature. 

Avsert H. BANNER 
Department of Zoology and Entomology, 
University of Hawaii, Honolulu 
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Prevention of Evaporation in 
Horizontal Strip lonography 


In a recent communication concerning electrophore- 
sis in paper stabilized media, [Science 120, 677 
(1954) ], Samuel Raymond has performed a useful 
service by focusing attention on the question of 
whether the current or the voltage ought to be held 
constant when one is determining mobilities. The an- 
swer to this question, which was previously considered 
in detail by Marbach (1), does not depend, under 
proper experimental conditions, on whether the paper 
strip is open to a gaseous atmosphere or is sandwiched 
between glass or plastic plates. : 

Raymond states, “When the paper is exposed to an 
atmosphere, whether saturated or not, evaporation 
from the paper occurs because of heat generated by 
the electric current.” This statement is not necessarily 
true and may mislead some persons into thinking that 
the horizontal paper-strip technique, which is in wide 
current use, is unsuitable for mobility determinations. 
As has been pointed out (2), the addition of 5 to 15 
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percent glycerol, ethylene glycol, or other similar low- 
molecular-weight substances to the buffer solution, 
causes the vapor pressure of the solution saturating 
the paper strips to be lowered below that of the water 
in the space surrounding the buffer vessels. Since the 
enclosed air or helium gas space (which is kept mini- 
mal by the addition of the maximum allowable water 
to the chamber) is saturated with respect to pure 
water, the paper strips saturated with buffer solution 
containing glycerol can be maintained at a tempera- 
ture above their surroundings without the occurrence 
of any net loss of water, owing to evaporation. The 
strength of the electric current carried by the strips 
can be varied empirically to a point where the escap- 
ing tendency of water molecules from the buffer-satu- 
rated strips is just equal to the escaping tendency of 
water molecules from the pure water in the chamber, 
and under these conditions, no net loss of water what- 
ever occurs from the paper surface. 

It is then possible to maintain a constant current 
and potential gradient for hours, and with such an 
arrangement the field strength is caleulated directly 
by dividing the applied voltage by the length of paper 
measured between the surfaces of the buffer solution 
in the end vessels. Other things being equal, the lower 
the molecular weight of the addition compound, the 
greater the vapor pressure lowering achieved at a 
given weight concentration. The additives should not 
of course, in general, alter to any appreciable extent 
the electrochemical characteristics of the buffer solu- 
tion, such as its conductivity, pH, ionic strength, di- 
electric constant, and so forth, and should not form 
complexes with either the migrant or the buffer. Other 
methods for determining meaningful mobilities using 
the horizontal paper-strip technique are considered in 
greater detail in a forthcoming monograph (3). 

Hvuacu J. McDonaLp 
Stritch School of Medicine and Graduate School, 
Loyola University, Chicago 12, Illinois 
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Aside from its effects on viscosity, dielectric 
strength, and other factors that affect the electro- 
phoretic mobility, the chief effect of glycerol in the 
buffer solution is to increase the temperature differ- 
ence between the buffer and pure water at vapor 
equilibrium. A tenth-molar buffer is at vapor equilib- 
rium with pure water when its temperature is ap- 
proximately 0.1°C above the water temperature. This 
is increased 0.4°C in a 10-percent glycerol solution. If 
vapor equilibrium is maintained, this small tempera- 
ture difference must account for all the cooling of the 
paper in hanging-strip apparatus. The permissible 
power dissipation in the paper is thereby severely 
limited. 
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Although measurements are complicated by concen- 
tration changes in the paper resulting from evapora- 
tion, condensation, or electroosmosis while equilibrium 
is being reached, preliminary experiments indicate 
that a power level of less than 0.001 w/cm? is permis- 
sible. This corresponds to a field strength of less than 
3 v/em. In practice it is difficult to determine the 
exact power level for equilibrium; and unless accu- 
rately standardized conditions and low voltages are 
used, the glycerol concentration will change during the 
run. At normal levels of operation in hanging-strip 
apparatus, most of the heat generated in the paper is 
carried away by evaporation, as I have stated; the 
addition of glycerol increases slightly the proportion 
of heat removed by other routes—that is, conduction, 
convection, and radiation. 

These complications are completely avoided in the 
pressure-plate type of apparatus, where the vapor 
space is entirely eliminated and the paper is in good 
thermal contact with thermostatted cooling plates. For 
good results a constant pressure must be maintained 
on the paper; apparatus for doing this will be de- 
seribed in a separate publication. 

Most workers in this field recognize that specific 
identifying tests applied to the completely separated 
fractions obtainable in paper electrophoresis make 
“absolute” mobility determinations unnecessary. Use- 
ful mobilities can bé obtained by applying various 
empirical corrections. 

I hope my note did not mislead anyone into think- 
ing that horizontal paper-strip apparatus is unsuit- 
able for electrophoresis work. Indeed, as the designer 
of such an apparatus, I prefer it to other types. .I 
must add, however, that in my opinion the pressure 
plate is an essential element of the design. 

SaMvEL RAYMOND 
College of Physicians and Surgeons, 
Columbia University, New York 32, N.Y. 
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Lattice Constants of Pure and 
Fluoride-Contaminated Ice 


X-ray measurements have been performed to obtain 
precise values for the unit cell dimensions of pure and 
fluoride-contaminated ice. A new c/a ratio is caleu- 
lated for pure ice, and in the case of fluoride-con- 
taminated ice evidence is found that this impurity 
enters into the ice structure substitutionally. The lat- 
ter finding is important in connection with the mecha- 
nism of electric conductivity in fluoride-contaminated 
ice, since it has been shown that presence of traces of 


fluoride ions almost completely determines the electri¢ 
conduetivity (1, 2). 

The lattice constants of pure and fluoride-contami- 
nated ice were determined by the use of a symmetrical 
back-reflection focusing samera designed specifically 
for use on ice. The diameter of the camera was 17 cm, 
and the area of the irradiated sample was 24 mm?, 
Copper Ka radiation was used with an exposure time 
of 12 hr at 17 ma and 40 kv. The sample temperature 
during the time of exposure was —46.0+0.7°C. The 
Miller indexes of the back-reflection lines were deter- 
mined by the graphical method of Bjurstrém (3), and 
the procedures of calculation followed Jette and 
Foote (4). 

The lattice constants of pure ice (prepared from 
water having a specific conductivity of 2.5x107 
mho/em at 20°C) were measured at — 46°C giving the 
values: a= 4.507, + 0.000, A and c=7.332, + 0.000, A, 
In the case of fluoride-contaminated ice (frozen from 
4.5x10*M CsF), the dimension of the cell base was 
found to be the same as that for pure ice, but the cell 
height was 0.033+0.025 percent shorter. Since only 
the fluoride ion is incorporated (1) and considering 
the properties of this ion, one would expect a slight 
shortening of the lattice if the impurity enters substi- 
tutionally. On the other hand, the amount of fluoride 
used would be expected to produce a detectable expan- 
sion of the lattice if it were incorporated interstitially. 
The fact that the fluoride impurity did not increase 
the unit cell dimensions gives evidence that this im- 
purity enters into the ice structure substitutionally 
rather than interstitially. 

The afore-mentioned values for the lattice constants 
of pure ice agree fairly well with the values obtained 
by H. D. Megaw (5). The slight difference that does 
exist between Megaw’s values and the values stated 
here for pure ice leads to a new value for the e/a 
ratio of 1.627 at - 46°C as opposed to the ideal value 
of 1.633. The present determination of the c/a ratio 
for pure ice further substantiates Bjerrum’s argument 
concerning preferred dipole orientation (6). 

Frank K. Trusy 
New Mexico Institute of Mining and Technology, 
Socorro, New Mexico 
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Think like a man of action and act like a man of thought.—HENRI BERGSON. 
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General Endocrineclogy 
a by C. Donnell Turner, Ph.D. 


This outstanding endocrinology text approaches the subject 
from a truly biologic viewpoint. Now in a New (2nd) Edition, 
every chapter of the book has been thoroughly revised to 
include the most up-to-date concepts. New chapters include: 
The Principles of Endocrinology, Adaptive Reactions to Stress, 
and Endocrine-Like Mechanisms. More space has been devoted 
to neurosection, in keeping with the concept that neurosectory 
cells perform a liaison role, connecting the nervous and endo- 
crine systems. 


This New (2nd) Edition features more logical organization of 
subject matter. The biochemical sections have been extended 
and placed near the beginning of each chapter. The new order 
of topics is: anatomy, biochemistry, physiology and a general 
treatment of clinical applications. 


New photographs illustrating typical endocrine disturbances 
in man and animals have been added. 


By C. Donnett Turner, Ph.D., formerly Chairman of Department of Zoology, Utica 
College of Syracuse University. About 600 pages, 6” x9”, with about 170 illustrations. 
New (2nd) Edition—Ready in May! 


B. SAUNDERS COMPANY 
West Washington Square Philadelphia 5 
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Meyer’s Gear System Fine 
Focusing—Extreme Precision. 
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UMECO OPTICAL DIVISION 
Dept. 2S, 465 California Street, San Francisco 4, Calif. 
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AMINO ACIDS 


A complete selection of more than 100 amino 
acids, 


“VITAMIN FREE” CASEIN 
HYDROLYSATE 
Pre-tested for microbiological vitamin assays. 
“VITAMIN FREE” CASEIN NUCLEOPROTEINS — PURINES 
(Hot Alcohol Extracted) PYRIMIDINES 


A valuable source of protein nitro- A complete selection of all derivatives. 
gen of exceptional purity for in- 
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FACTS ON INFRARED 


FOR THE LABORATORY 


Tie Model 13-U Universal Spec- 
trophotometer is the first instru- 
ment to provide complete coverage 
of the ultraviolet, visible, near-in- 
frared, and fundamental infrared 
regions—from 205 millimicrons to 
15.5 microns. An accessory prism 
extends the range to 37.5 microns. 

Optimum performance is ob- 
tained throughout the entire range. 
The instrument features high 


Complete Spectroscopy Lab In One Instrument 


Transmittance Recording from the Ultraviolet to the Far Infrered 


speed scanning, excellent resolu- 
tion and measurement precision. 
A wide variety of sampling acces- 
sories for solid, liquid and gaseous 
samples greatly extends the use- 
fulness of the new spectrophotom- 
eter. A Model 13-U equipped with 
a microscope becomes a Micro- 
spectrophotometer—capable of re- 
cording spectra on single fibers, 
small crystals, etc. 

* Because of the versatility and 
flexibility of the Model 13-U, it 
can handle practically any analy- 
sis to which absorption spectro- 
scopy techniques apply. Here, in 
one instrument, is all the analyti- 
cal equipment needed to equip a 
first-rate spectroscopy laboratory. 
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High resolution run of benzene vapor spectrum made in the ultra- 
violet region on the Model 13-U with a 1 cm. path cell. 


The Perkin-Elmer Corporation 
840 Main Avenue, Norwalk, Conn. 


(CD Please send me information on the Model 13-U. 


(CD Please send me further information on other laboratory, 


instruments of your manufacture. 
COMPANY........ 


ADDRESS..... 


process stream 


SCIENCE is published weekly by the AAAS, 1515 


class matter under the act of March 3, 1879. Annual subscriptions: 


18 MarcH 1955 


Massachusetts Ave., NW, Washington 5, D. C. Entered at the 


Lancaster, second 
$7.50; foreign postage, outside the Pan-American Union, $1; Canadian postage, 50¢. 


Pa., Post Office as 


3A 


1 
a 
> 
. 
. 
. . 
. 
. 
. 
. 
ee eee ee 
= 


THE BAKER INTERFERENCE MICROSCOPE 


The Interference Microscope represents the very latest development in micro- 
scopical optics. 

In monochromatic light the images obtained are similar to phase-contrast images, 
but with continuously variable phase-change adjustment and a considerably greater 
sensitivity. The optical artifacts associated with phase-contrast are noticeably 
absent, whilst in white light the images are seen in colour contrast. The instrument 
is both easy to set up and to adjust. 

The microscope enables small phase-changes, under good conditions down to 
1/300 wavelength, to be measured. From these phase-change measurements the 
dry-mass of cells and other microscopical bodies can be calculated and refractive 
indices determined. 


The Interference Microscope, in either double-focus or shearing form, is now 
available for delivery. 


THE BAKER IF MICROSCOPE OFFERS 
THESE UNIQUE FEATURES: 


e Instant changeover from IF to normal illumination and return without re- 
adjustment 

e Low and medium powers require no immersion 

e Extremely high light transmission due to absence of reflecting surfaces 


@ Viewing of cell interiors thru system of localized coverglass compression, removes 
surface irregularities 


© Binocular inclined body tube for greater convenience 


C. A. Brinkmann & Co., 


378-380 Great Neck Road, Great Neck, L. I., N. Y. 


KALETT 
ELECTROPHORESIS 


CUSTOM MADE 


TOOL FOR THE ANALYSIS 
OF COMPLEX COLLOID SYSTEMS, AND FOR 
THE CONTROL OF PRODUCTION OF 

PURIFIED PROTEINS, ENZYMES, HORMONES 


KLETT MANUFACTURING CO. 
179 EAST 87TH STREET 
NEW YORK, N. Y. 


4A 


Science, vou. 121 


— 
I 
= — be 
‘2 
+ 


SAFETY — The high-speed rotating head is com- 
pletely enclosed, insuring protection to the op- 
erator. 


ACCURACY — The 24 tube slots in the head are 
individually numbered for easy identification of 
blood samples. 


CONVENIENCE — When the “protective dome 
opened, the head is completely exposed for ready 
accessibility. The unique design of the head per- 
mits easy removal of the glass tubes. 


SPEED — The quiet, dependable universal motor is 


capable of maintaining a minimum of 11,000 r.p.m. 
on any 110 volt A.C. or D.C. circuit. 


AUTOMATIC — A simple twist of the knob turns the 


centrifuge on and at the same time sets the run- 
ning time. Centrifuge shuts off automatically. 


BEARINGS — The motor has sealed bearings which 
are lifetime lubricated and require no attention. 

STABILITY — The weighted base insures stability, 
and rubber suction feet eliminate creeping. 

SMOOTH — The rotating head and cover are dynam- 
ically balanced to insure quiet, vibrationless per- 
formance. 

ATTRACTIVE — The centrifuge base is finished in 
baked glossy gray enamel and the upper portion 
of the machine and cover is heavily chromium- 
plated. 

490 Internationa! HEMACRIT 11,000 r.p.m. Micro- 
Hematocrit Centrifuge complete with head No. 
275 for heldin ry tubes, for 
110-115 volts, A. <n 78.50 


Can also be furnished for 230 volts on special order. 


Prompt delivery from your Laboratory 
Apparatus Supply Dealer. 


18 Maron 1955 


emacrit 


A New HIGH-SPEED 
MICRO-HEMATOCRIT CENTRIFUGE 
FOR CAPILLARY BLOOD TUBES 


Rapidly increasing recognition of the time and labor 
saved by the improved Guest-Siler method for rapid, 
accurate, blood cell volume testing has prompted the in- 
troduction of the new International Hemacrit Centrifuge. 
The new technique involves four rapid steps: 1. Blood 
sample is taken directly from finger in a heparinized 
capillary tube. 2. Tube is sealed. 3. Sample is centri- 
fuged 4 or 5 minutes at 11,000 r.p.m. 4. Per cent blood 
cell volume is read directly by means of a reader or 
microscope. Results are accurate, the test can be made 
quickly, only a micro quantity of blood is necessary, and 
the inexpensive micro-capillary tubes can be used once 
and discarded, eliminating the cleaning of expensive 
glassware. See “Journal of Laboratory and Clinical 
Medicine,” Vol. 19, No. 7, April, 1934. 

The International Hemacrit Centrifuge is designed 
specifically to spin 24 of the glass capillary blood tubes 
at speeds in excess of 11,000 r.p.m. Its many exclusive 
features make it the centrifuge of choice for this 
application. 
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PRECISION 
FARRAND OPTICAL CO., Inc.| 
BRONX BLVD. & EAST 238th STREET isteumen’s 


PHOTOELECTRIC 


FLUOROMETER 


For All Fluorochemical Methods of Analysis 


An instrument of high sensitivity for measurement 
of extremely low concentrations in micro or macro 
volumes. 


ENGINEERING 


A list of users, technical references * RESEARCH 


and a descriptive bulletin No. 803 
gladly sent upon request. MANUFACTURE 


NEW YORK 70, NEW YORK 


Now available... 
ACETONE POWDERS OF: 
PIGEON BREAST MUSCLE 
PIG HEART 
PIGEON LIVER 


Suitable for Coenzyme 
Assay 


BOVINE HEMOGLOBIN 
SUBSTRATE 


For proteolytic activity 
assay 


WORTHINGTON BIOCHEMICAL 
CORPORATION 


FREEHOLD, NEW JERSEY 


INOSITOL 


.A SIGNIFICANT NUTRITIONAL FACTOR 


Inositol has important relationships to cholesterol and fat me- 
tabolism. A constituent of an important class of phospholipids, 
Inositol is one of the lipotropic agents which help to regulate 
the metabolism of fat and cholesterol in the animal body. 

ARGO® Inositol is now available in both 50 and 100 pound 


containers. 
Send for your copy of the booklet ARGO® INOSITOL 
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designed for the professional... 
LEITZ LABOLUX micROSCOPE 


Scientists, physicians and technicians who must work for long periods 
with a microscope will appreciate the new Leitz LABOLUX with its 
fatigue-free operation, precision optics and unexcelled dependability. 


e Stage—instead of tube—moves for focusing. 

e Individual coarse and fine adjustments are combined 
in a single, clutch-operated control knob. 

@ All controls including those for the mechanical stage 
in low position for fatigue-free operation. 


e Can be used facing away from observer, for greater 
accessibility of all controls. 


@ Pre-aligned substage illuminator or mirror. 


e Retractable spring mounts in objectives prevent 
damage to lens and slides. 


@ Inclined binocular body tube interchangeable with 
monocular tube for photomicrography. 


Send for LABOLUX 


brochure today. ec-3 
See and examine the 4668 Fourth Ave., New York 16, N.Y. 
new Leitz LABOLUX Please send me your brochure on the new Leitz 
microscope soon. ; LABOLUX. 
Name 
©. LEITZ, INC., 466 FOURTH AVENUE, NEW YORK 16. 
Distributors of the world-famous products of Ernst Leitz, Wetzier, Germany ; Street 
LENSES + CAMERAS + MICROSCOPES + BINOCULARS City 
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G.A.B. Interference Filters 


(Made in Switzerland) 
for isolating narrow spectral bands 


H 

' 


300 350 600 650 700 


Spectral Range: 400-900 millimicrons 
Spectral Width: 12-15 mp, Transm.: 45-50% 
Size: 2” x 2”. Other sizes on order. 

For 
Flame Photometry and Color Densitometry 
Microscopy and Photomicrography 
Colorimetry and Fluorimetry 


also in reflectometry, light scattering measurements, 
microcolorimetry, refractometry, polarimetry, and in all 
othzr fields requiring hromatic light in the visible 
and near-infrared range, 


Write for Bulletin #180 to 


PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N. Y. 


PHOTOVOLT Densitometer 


for 
Partition Chromatography 
and Paper Electrophoresis 


A photoelectric precision instrument for the 
rapid and convenient evaluation of strips and 
sheets of filter paper in partition chromatog- 
raphy and paper electrophoresis 


Write for Bulletin #800 to 


PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N. Y. 


| Meters ier Photometers 


Also e Filters 


More Precision in 
Air Conditioning 
Niagara “Controlled Humidity” Method provides air 


at precise conditions of temperature and moisture 
content. 

In the range from below 32° F. to 140° F. you ma 
have constant conditions within tolerances of 1° E 
and 2% R.H. with control by thermostats alone... 
simple and inexpensive ...no moisture sensitive in- 
struments needed. 

This Method uses “HYGROL” liquid absorbent 
to remove moisture from the air directly. Operation 
is automatic; the absorbent is re-concentrated, by a 
new, reliable method, at the same rate as it becomes 
diluted. 

Use it for drying pro- 
cesses, preventing moist- 
ure damage to instruments 
or hygroscopic materials, 
controlled atmospheres for 
tests and experiments. 
Unit capacity ranges up to 
20,000 ec. f. m. 

Write for Bulletins No. 
121, 122, address Niagara 
Blower Co., Dept. SW 
405 Lexington Ave., New 
York 17, N. Y. 


MORE CONTRAST 


Announcing the 
“ANOPTRAL” 
PHASE CONTRAST EQUIPMENT 
by Reichert-Wilska 


A new method of light microscopy to 
achieve 

e Far greater Contrast than ordinary Phase 

e Optimum Resolving Power 

e Elimination of Stray Light 


The Anoptral Phase Contrast Equipment consists 
of four special objectives, a condenser of high 
numerical aperture and auxiliary microscope and 
can be employed with most standard microscopes. 


WILLIAM J. HACKER & CO., INC. 
82 BEAVER ST., NEW YORK 5, N. Y. 
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Society of Protozoologists 


INCE their discovery by Leeuwenhoek, some 20,- 
000 species of protozoans have been described. 
They occur in practically all habitats where life can 
exist and are among the first links of the food chain 
on which all higher life depends. Floating in the 
plankton of tropic seas, they cause the luminous glow 
of waves and ship-wakes. Blooming off our coasts, 
they cause the red tide which deposits windrows of 
dead fish on shore. They abound in ponds and streams 
and in the soil. Their role in sewage purification is 
just beginning to be understood. Their skeletons cover 
the ocean floor and form the chalk we use in teaching. 
As parasites, protozoans play a double role. Ma- 
laria is still the world’s most important disease. Try- 
panosomiasis has interdicted vast Afriean grazing 
lands for livestock. Amebas cause dysentery in man, 
and coccidians cause it in his domestie animals. But 
other protozoans, packing the termite’s hind-gut al- 
most solidly, digest the cellulose that it eats and feed 
it with their wastes and their dead bodies. Fabulous 
numbers of protozoans swarm in the paunch of cattle 
and sheep and in the cecum and colon of the horse, 
but their role there is still unknown. 

Some protozoans appear deceptively simple, others 
fantastically complex. Yet even the morphologically 
simple ones are physiologically complex. The human 
parasite, Entamoeba histolytica, looks like little more 
than a blob of protoplasm with a nucleus, but it has 
still not been cultivated free of other living organisms. 

Because of their unique characteristies, protozoans 
are remarkably rewarding research subjects. They are 
studied for their own sake by taxonomists, physiolo- 
gists, and others, and partly for the sake of their 
hosts by parasitologists. More and more in recent 
years students of higher animals and plants have 
turned to them when confronted by problems difficult 
to handle in multicellular organisms. Because of their 
small size and rapid rate of reproduction, many indi- 
viduals can be obtained at low cost. This makes proto- 
zoans excellent subjects for genetic, ecologic, and 
other studies. And they offer a challenge to students 


AAAS EDITORIAL BOARD 
Dael Wolfle 
Acting Editor 
Charlotte V. Meeting 
Assistant Editor 


Mark H. Adams Bentley Glass 

William R. Amberson Karl Lark-Horovitz 

Wallace R. Brode Edwin M. Lerner 
William L. Straus, Jr. 


Advertising Representative: F. A, Moulton 


of metabolic pathways who are weary of bacteria and 
are looking for new fields to conquer. They are ideal 
subjects for the study of comparative nutrition, since 
almost every kind of nutrition is represented in the 
phylum. 

The backgrounds and interests of the persons who 
work with protozoans are so different that they are 
often unfamiliar with what their confreres are doing. 
More important, they are often unaware of the value 
of their confreres’ work for their own investigations. 
Parasitologists, for example, can pick up ideas ap- 
plicable to their own work from studies reported on 
free-living protozoans. 

In recognition of this, the Society of Protozoologists 
was organized in 1947. Its objectives are closer asso- 
ciation of workers in protozoology and the advance- 
ment of protozoology. It now has about 450 members 
and has held six meetings in association with either 
the American Association for the Advancement of 
Science or the American Institute of Biological Sei- 
ences. The society also began publication of a quar- 
terly journal, the Journal of Protozoology, in 1954. 

The society is compiling a list of the protozoans 
maintained by research workers throughout the world 
and is assembling information on methods of cultiva- 
tion, optimal growth conditions, isolation procedures, 
and so forth, for each species and strain. Information 
on about 750 strains has already been gathered and 
is in process of compilation. Undoubtedly many per- 
sons are carrying protozoan cultures that are not in 
this compilation. They are invited to write to the see- 
retary for blank data cards so that their cultures ean 
be included. 

As a final footnote, the Society of Protozoologists is 
one of the few that recognize the graduate students’ 
financial status. Their dues are two-thirds those of 
other members, but their rights and privileges are the 


same. 
Norman D. Levine, Secretary, 


Society of Protozoologists 
College of Veterinary Medicine 
and Agricultural Experiment Station, 
University of Illinois, Urbana 


SCIENCE, founded in 1880, is published each Friday by the American As- 
sociation for the Advancement of Science at Business Press, Lancaster, Fa. 
SCIENCE fe indexed In the Reader’s Guide to Periodical Literature. 

All correspondence should be addressed to SCIENCE, 1515 Massachusetts Ave., 
NW, Washington 5, D. C. Manuscripts should be typed with double sparing and 
submitted in duplicate. The AAAS assumes no responsibility for the safety of 
manuscripts or for the opinions expressed by contributors. 
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Change of address: The notification should reach us four weeks in advance. If 
possible. please furnish an address stencil label from a recent issue. Be sure te 
give both old and new addresses, including postal zone numbers, if any. 

Annual subseriptions: $7.50; foreign postage, outside the Pan-American Union, 
$1.00; Canadian postage, 50¢. Single copies 25¢. Special rates to members of 
the AAAS. Cable address: Advancesc! Washington. 

The AAAS also publishes THE SCIENTIFIC MONTHLY. 
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A Bausch & Lomb 
Research Microscope 
Standard of science 
»». will help you to: 


1. Eliminate fatigue in prolonged 
observations 


3. See the most detailed images 
known to optical science 


4. Cover the widest range of visual 
and photomicrographic study 


BAUSCH & LOMB 


When do YOU need a 


RESEARCH 
Microscope? 


When your work entails lengthy, intensive exami- 
nation of microscopic specimens, you'll welcome the 
relaxed ease, freedom from fatigue, and appreciable 
savings in time that you enjoy with a Bausch & Lomb 
Research Microscope. Your hand rests on the table for 
strain-free operation of fine focus, stage and substage 
controls. You'll find it easier to orient specimens, even 
in petri dishes, with the graduated, rotatable circular 
stage; easier to locate repeat settings precisely for 
quick future reference. : 


When your work requires the most critical possible 
observation—visual or photomicrographic—the com- 
bination of apochromatic objectives, 1.40 N.A. achro- 
matic substage condenser, and compensating eyepieces, 
provides maximum resolution . . . sharpest contrast, 
finest detail . . . for detection of otherwise hard-to-see 
materials and structures. Images are brighter, clearer, 
because all optical elements are Balcoted to reduce re- 
flection and flare, to transmit full illumination. A com- 
plete range of eyepieces, objectives, substage equip- 
ment, and stages permits ready adaptation for the most 
difficult specialized studies, with choice of bright field, 
dark field, polarized light or phase contrast. 


See for yourself, in actual demonstration in your 
own laboratory, why you and your work will benefit 
from a Bausch & Lomb Research Microscope. 


Write for demonstration and Catalog D-1010. 
Bausch & Lomb Optical Co., 64261 St. Paul St., Roch- 
ester 2, N. Y. 


RESEARCH MICROSCOPES 
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GENERAL PHYSICS, A Textbook for Colleges, Second Edition 


By the late Oswald Blackwood, formerly of the University of Pittsburgh, and William Kelly; 
University of Pittsburgh. Includes new material on gas kinetics, nuclear energy, cosmic rays, and 
derivation of the potential of a point charge. Ready in May. Approx. 720 pages. Prob. $6.75. 


An INTRODUCTION to CHEMISTRY 


By Howard L. Ritter, Miami University. Emphasizes the understanding of chemistry rather 
than the detailing of chemical facts. A laboratory manual is also available. Ready in May. Approx. 
616 pages. Prob. $6.00. 


An INTRODUCTION to the CHEMICAL PROPERTIES of ORGANIC COMPOUNDS 


By Elliot N. Marvell and Albert V. Logan, both of Oregon State College. Designed for use in 
non-major organic chemistry courses. Aliphatic and aromatic compounds are discussed separately. 
The concept of the functional group is stressed. Ready in May. Approx. 300 pages. Prob. $4.75. 


PHYSICAL CHEMISTRY 


By Farrington Daniels and Robert A. Alberty, both of the University of Wisconsin. Based on a 
text used in classrooms for 42 years, this book offers a completely modern presentation of physi- 
cal chemistry including new developments. Fundamental principles, including derivations and ap- 
plications, are stressed: Ready in April. Approx. 716 pages. Prob. $6.50. 


PRACTICAL LABORATORY CHEMISTRY 


By Horace G. Deming, University of Hawaii. Emphasizes technical skills, illustrates them 
through lecture experiments, and moves on to a practical explanation of chemical principles. 


Problems included are carefully graded. Ready in May. Approx. 272 pages. Prob. $3.50. 


LIFE SCIENCE, A College Textbook of General Biology 


By Thomas S. Hall and Florence Moog, both of Washington University. Deals with the pres- 
ent status of the several biological sciences. Portrays science as an activity. March, 1955. 502 pages. 
Prob. $6.00. 


The CHEMISTRY of LIPIDS of BIOCHEMICAL SIGNIFICANCE 


By J. A. Lovern, U. K. Department of Scientific and Industrial Research. Emphasizes the in- 
terrelationships of various lipid classes and integrates the subject. 1955. 132 pages. $1.75. 


REALMS of WATER 


By Ph. H. Kuenen, University of Groningen, The Netherlands. A clear, general picture of 
oceanography which stresses the state and movement of water. 1955. Approx. 320 pages. Prob. 
$3.27. 


GEOGRAPHY of the NORTHLANDS 


Edited by George H. T. Kimble, Twentieth Century Fund, and Dorothy Good, Princeton Uni- 
versity. A new survey of the arctic and sub-arctic regions. March, 1955. 534 pages. Prob. $10.00. 


ORGANIC REACTIONS, Volume VIII 
Editor-in-Chief, Roger Adams, University of Illinois. 1954. 437 pages. $12.00. 


Send for copies today 


JOHN WILEY & SONS, Inc. 440 Fourth Avenue, New York 16, N.Y. 
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Carworth Farms, Inc. 


AKR (LEUKEMIC) MICE ... 


now available for 
immediate shipment to 


all laboratories. 


For further information and price list 
please write: 


CARWORTH FARMS, INC. 


NEW CITY, ROCKLAND COUNTY, N. Y. 


For 
Research 
Iu 


CANCER 


Nuc etic Acips, for growth studies. 


Yeast Apenytic Aci, for its inhibition of tumor 
growth in mice. 


Purine Compounps, for growth inhibition studies. 


N-Eruyt MAtermipe,for its reported antimitotic 
effect in tissue culture of chick fibroblast. 


TRIPHENYL TETRAZOLIUM CHLORIDE, for determina- 
tion of cancerous tissue. 


TriPHOSADEN® (Schwarz Brand of Adenosine Tri- 
phosphate), for phosphorylation studies. 


These SCHWARZ preparations meet the exacting 
requirements of products intended for use in bio- 


chemical and clinical research. 


Write for informative technical 
SCHWARZ LABORATORIES, INC. 


bulletins, complete specifications 
Manufacturers of Fine Chemicals 


and references to literature. 
230 Washington Street, Mount Vernon,.N. Y. sv 2:7 4 


ACTH * Growth * Gonadotropes 
Estrogens * Androgens 


Corticoids * Progesterone 
Others 


HYPOPHYSECTOMIZED 
RATS 


Write for details 


OCRINE LABORATORIES 
OF MADISON, INC. 


5001 W. BELTLINE HIGHWAY © MADISON, WISCONSIN 
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[| AAAS SYMPOSIUM VOLUME 


SOVIET SCIENCE 


Second Printing 
Russian Genetics Theodosius 


Dobzhansky 
Russian Physiology and 


Pathology W. Horsley Gantt 
Russian Psychology and 

Psychiatry Ivan D. London 
Scientific Method and 

Social Science: East 

and West Russell L. Ackoff 


Russian Contribution to 


Soil Science J. S. Joffe 
Soviet Physics and 
Chemistry John Turkevich 


Sovict Mathematics 
Science and Intellectual 
Freedom in Russia 
An Appraisal of Science 

in the USSR 


J. R. Kline 
Lazar Volin 


Conway Zirkle 
6x9 inches, clothbound, 115 pages, price $1.25 


AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 


1515 Mass. Ave., NW, Washington 5, D. C. 
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LARGE CYLINDERS 
for 
COMMERCIAL USE 


Ample stocks in 
large cylinders 
of all gases car- 
ried at both our 
East Rutherford, 
N. J. and Joliet 
plants. 


MEDIUM-SIZE 
CYLINDERS for 
PILOT-PLANT and 
LABORATORY USE 


Three different sizes 
of — — 
approximate y 

Sh 16 and 30% 
of the contents of 
large commercial 
cylinders, These 
cylinders are de- 
signed for use on 
in 
are 
readily 


“LECTURE BOTTLES” 


for Research Experiments 
or Classroom 
Demonstrations. 


71 different gases 
of highest purity 
are available in 
these little cylin- 
i ders which have a 
diameter of 2” and 
an overall length 
of 15%". 


Matheson's Complete Line 
of Triple-Tested 
AUTOMATIC PRESSURE 
REGULATORS 
and 
NEEDLE VALVES 


assure you of the correct type 
of control required for each gas. 
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MATHESON 


NEW CASES 
AVAILABLE 
xtra Dry H ydrogen 
Carbony! Sulfide 
licone Tet etrafluoride 


Chlorotritiuor 
‘oeth 
3- 


From Acetylene to Xenon, Matheson has all the gases! 
Any rare or common gas, or any mixture thereof that you 
may need in your work is available from the Matheson 
Company. 


Our new catalog listing the prices of 71 gases and mixtures 
also shows the pressure at which various gases are packed, 
their purity and the sizes of cylinders in which they may 
be obtained, as well as the proper type of pressure or flow 
control to be used. Write for our new price list. 


tut MATHESON COMPANY INC. 


EAST RUTHERFORD, N. J. JOLIET, ILLINOIS 
ALL THE CHEMICALS NORMALLY [cman] 
USED IN THE LABORATORY Noncamic 
are also available from pod 
THE MATHESON, COLEMAN & BELL | srams 
Division of SOLUTIONS 
THE MATHESON COMPANY | 
East Rutherford, N. J. Norwood (Cinna), Ohio 
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INTERNATIONAL ARID LANDS MEETINGS 


of the AAAS and its 
SOUTHWESTERN AND ROCKY MOUNTAIN DIVISION 
University of New Mexico, Albuquerque, New Mexico, April 26-29 
Southwestern Field Trip, Albuquerque-El Paso and return, April 30-May 1 


Featuring a Symposium on What is the Future of Arid Lands? Public evening lectures, April 26, 27 and 28 by 
Homer L. Shantz, Charles E. Kellogg, and B. T. Dickson (Australia), and Technical Sessions: 
Morning, April 27—Variability and Predictability of Water Supply in Arid Regions—Speakers: Reed W. 
Bailey, C. W. Thornthwaite, Jean Tixeront (Tunisia), Luna Leopold, F. Dixey (England), C, C. Wallén 
(Sweden), John H. Dorroh, T. L. Smiley. 
Afternoon, April 27—Better Use of Present ces re Kanwar Sain (India), R. O. Whyte (Italy), 
L. N. McClellan, Hilgard O’R. Sternberg (Brazil), L. A. Richards, Cyril Luker, Raymond Price, Pedro 
Armillas (Mexico). 
Morning, April 28—Prospects for Additional Water Sources—Speakers: E. J. Workman, Edward Bowen 
(Australia), Sheppard T, Powell, W. F. J. M. Krul (Holland), Vincent J. Shaefer, Glenn W. Brier, H. E. 
Hayward, Louis Koenig. 
Afternoon, April 28—Better Adaptation of Plants and Animals to Arid Conditions—Speakers: Olaf S. 
Aamodt, Colonel Omar Draz (Egypt), R. Merton Love, Knut Schmidt-Nielsen, Enrique Beltran (Mexico), 
B. P. Uvarov (England), Michael Evenari (Israel), L. M. Pultz. 
Discussion Group Sessions, April 29 (See SCIENCE of February 11, 1955, or THE SCIENTIFIC MONTHLY 
of March, 1956, or write to the American Association for the Advancement of Science, 1515 Massachusetts Ave- 
nue, NW., Washington 5, D. C., U.S.A., for details. Cable Address: Advancesci, ‘Washington, D. C.) 


International Arid Lands Meetings Housing Bureau 
Chamber of Commerce, Albuquerque, New Mexico 

Please send requests directly to the Bureau to save time. Confirmation in two weeks in order received. 
Single rooms may become scarce; if possible share a twin-bedded room—and also save. Be sure to indicate if 
you need a room the night of May | on return irom the Field Trip. Deadline for receipt of reservations, April 15. 


Housing Reservation 


Hotels Single with bath Double with bath Twin-bedded with bath 
$7.50 $9.00 $10.00 
5.50 6.60 9.50 
4.50 5.00—6.00 8.00 
(a few 3.50 & 4.00 (a few 3.50 & 4.50 (a few 5.00 & 7.00 

without bath) without bath) without bath) 

Motels (all with bath) $4.00-$5.00 $5.00-—$6.00 $7.00-—$10.00 
All of the above prices subject to 2% state tax. 

Please reserve the following accommodations : 
State name of hotel or insert “Motel” if this is your preference : 


The name and address of each person, including yourself, must be listed (attach list if necessary.) 


Name 


Address 


eet) — and Zone) (State) 
Enclose deposit of $10.00 (refunded if cancelled before April 15. 


Make checks payable to Berl Huffman, Secretary, Albuauarane a of Commerce. 
Regist ° International Arid Lands Meetings 
gistration Form (All Registration by Mail in Advance. No fee.) 


(Please print or type) (Last) (First) (Initial) 


Academic, Professional or Business Connection and Title . 
Office or Home Address (Mail Address) 


You will be free to change or to attend more than one.) 

Field Trip Reservation (limited to “tret 222 applicante—deadline April 5) 

pees eo wn shades ($20.00 for trip, lodging, and meats must accompany reservation. Refunds up to April 15.) 


Send to: Dr. E. F. Castetter, University of New Mexice, Albuquerque, New Mexico. U. 8. A. 
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“The most consistently conceived and best executed work on intro- 
ductory chemistry from the viewpoint of correlation of electron 
structure and atomic size that has been written,” reports one college 
professor who read the manuscript of 


G E N = R A L This text contains material to extend 
the best student, yet is written to be 

within the grasp of the average stu- 

ts H EM | ST RY dent. First, the merits of the “fun- 
. damental particle” idea are investi- 

by Luke E. Steiner gated and contemporary chemistry is 


and J. A. Campbell then interpreted in terms of struc- 

tural arrangements of fundamental 

particles, their interactions, and mass and energy interchanges. The develop- 
ment proceeds from atoms to molecules, to condensed systems, to solutions, 
to chemical reactions, and culminates in an introduction to the complicated 
systems found in living organisms, particularly man. Ready in March 


LABORATORY MANUAL to be published with text 


Ready in the Spring 


“It is by far the best book on the subject that I have seen. It contains 
the most complete coverage of the subject matter of any books at 
its level, is well written, and is well illustrated,” reports one physics 
professor who read the manuscript of 


ATO Mi C AN D Although the first part of this text 


is primarily concerned with Atomic 

Physics and the second part with 

N U C L E A R Nuclear Physics problems, the author 

has unijed the entire treatment 

PHYSICS throughout the text to emphasize 

the fact that Atomic and Nuclear 

by Robert S. Shankland Physics is in reality a single subject. 
Some very important original pho- 

tographs of atomic and nuclear processes are used to complement the text, 
and many primary references are included. Ready in the Spring 


The Macmillan Eompany 


60 FIFTH AVENUE, NEW YORK 11, N.Y. 
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CHEMICALS | 


@ Bixin @ Butyl Thiocholine 

Boldine Butyrylcholine Chloride 
© Borocaine Butyrylthiocholine 

@ Boromolybdic Acid lodide 

© Boron Trichloride e@ Cadmium Arsenate 

@ Boron Triphenyl @ Cadmium Borate 

© Borotungstic Acid @ Cadmium Chromate 

@ Brassidic Acid @ Cadmium Dimethyl 

@ Bromelin @ Cadmium Fluoride 

© p-Bromobenzyl Bromide @ Cadmium Lactate 

© p-Bromobenzyl Cyanide @ Cadmium Thiocyanate 
@ 4-Bromoimidazol @ Caesium Chloride 

@ 4-Bromopyridine @ Caesium Fluoride 

@ Bromosalicylaldehyde @ Caesium Nitrate 

@ 8-Bromotheophylline @ Caesium Sulfate 

@ 8-Bromoxanthine @ Calcium Acrylate 

@ Bulbocapnine @ Calcium p-Aminosali- 
@ Butyl Oleate cylate 


Ask for our new 
complete 


17 West 60th St. New York 
Plaza 7-817) 


Biochemistry of Nitrogen 


Edited by Suomalainen Tiedeakatemia- 
Academia Scientiarum Fennica, Helsinki 
1955. 535 pages. $12 bound, $10 paper-cov- 
ered. 

This is a collection of papers on biochem- 
istry of nitrogen and related subjects pub- 
lished in honour of Arrrurt I. VirTaNEN on 
the occasion of his 60th birthday. It contains 
49 research articles in English, French or 
German on biochemical topics of current 
interest, most of which deal with problems 
of the biochemistry of amino acids, proteins, 
nucleotides, nitrogen fixation, photosyn- 
thesis, nitrate reduction, amino sugars, etc. 

Among the 98 contributors are, e.g., A. 
Butenanpt, M. Carvin, E. B. Cuarn, E. 
Cuaroarr, G. Hevesy, A. J. Kuuyver, H. A. 
Kress, R. Kunn, R. Lemperc, F. Lynen, 
L. Pauuinc, M. Stacey, F. C. Srewarp, 
J. B. Sumner, H. A. 
A. R. Topp, O. Warsure, C. H. WerKMaAN, 
P. W. Witson, and their co-workers. 


Distributor: 
AKATEEMINEN KIRJAKAUPPA — 
Helsinki 
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Meetings & Conferences 


April 

15-16. American Mathematical Soc., Brooklyn, N.Y. 
(AMS, 80 Waterman St., Providence 6, R.I.) 

15-16. Eastern Psychological Assoc., Philadelphia, Pa. 
(G. Lane, Dept. of Psychology, Univ. of Delaware, 
Newark.) 

15-16. Iowa Acad. of Science, Davenport. (J. L. Laffoon, 
Iowa State College, Ames.) 

15-16. Louisiana Acad. of Sciences, joint meeting with 
New Orleans Acad. of Science, New Orleans. (E. 8. 
Hathaway, 1423 Jefferson Ave., New Orleans 15.) 

15-16. Montana Acad. of Sciences, Butte. (L. H. Harvey, 
Dept. of Botany, Montana State Univ., Missoula.) 

15-17. Italian Soc. of Geophysics and Meteorology, 3rd 
general assembly, Genoa. (I. Dagnino, 5 Via Balbi, 
Genoa.) 

16. Committee for the Scientific Study of Religion, spring, 
New York, N.Y. (W. H. Clark, Hartford Seminary 
Foundation, Hartford 5, Conn.) 

16-17. American Acad. of Optometry, 2nd Western re- 
gional meeting, Los Angeles, Calif. (D. R. E. Waters, 
325 N. Broadway, Santa Ana, Calif.) 

17-21. American Dermatological Assoc., Belleair, Fla. 
(ADA, 102 E. 78 St., New York, N.Y.) 

18-19. National Air Pollution Symposium, 3rd, Pasa- 
dena, Calif. (A. M. Zarem, 621 8S. Hope St., Los An- 
geles 17, Calif.) 

18-19. Symposium on Amino Acid Biogenesis and Pro- 
tein Synthesis, Los Angeles, Calif. (M. 8. Dunn, Dept. 
of Chemistry, Univ. of California, Los Angeles 24.) 

18-20. American Oil Chemists’ Soc., 46th annual, New 
Orleans, La. (C. L. Hoffpauir, 2100 Robert E. Lee Blvd., 
New Orleans 19.) 

18-20. National Association for Research in Science 
Teaching, New York, N.Y. (W. C. Van Deventer, Dept. 
of Biology, Western Michigan Coliege of Education, 
Kalamazoo.) 

18-20. Symposium on Potentialities of Women in the 
Middle Years, E. Lansing, Mich. (Dept. of Informa- 
tion Services, Michigan State College, E. Lansing.) 

18-21. American Soc. of Mechanical Engineers, spring 
meeting, Baltimore, Md. (C. E. Davies, ASME, 29 W. 
39 St., New York 18, N.Y.) 

18-22. Soe. of Motion Picture and Television Engineers, 
77th semiannual convention, Chicago, Ili. (K. M. Mason, 
Eastman Kodak Co., 137 N. Wabash Ave., Chicago 2.) 

21. Soe. of Automotive Engineers Golden Anniversary, 
Aeronautic Production Forum, New York. (G. F. Chap- 
line, SAE, 29 W. 39 St., New York 18.) 

21-22. Eastern States Health Education Conf., New York 
Academy of Medicine, New York, N.Y. (NYAM, 2 E. 
103 St., New York 29.) 

21-23. Assoc. of Southeastern Biologists, annual, Charles- 
ton, S.C. (M. E. Gaulden, Biology Div., Oak Ridge 
National Laboratory, Oak Ridge, Tenn.) 

21-28. Ohio Academy of Science, annual, Ohio Wesleyan 
Univ., Delaware. (R. W. Dexter, Kent State Univ., 
Kent, 0.) 

22. American Eugenics Soc., annual New York, N.Y. 
(AES, 230 Park Ave., New York 17.) 

22-23. American Mathematical Soc., Chicago, Ill. (E. G. 
Begle, Dept. of Mathematics, Yale Univ., New Haven 
11, Conn.) 
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Meetings & Conferences 

April, contd. 

22-23. Arkansas Acad. of Science, annual, Searcy. (L. F. 
Bailey, Univ. of Arkansas, Fayetteville.) 

22-23. Georgia Acad. of Science, Athens. (W. B. Red- 
mond, Box 534, Emory University, Ga.) 

22-23. Nebraska Acad. of Science, annual, Lincoln. (C. 
B. Schultz, Univ. of Nebraska, Lincoln 8.) 

24-26. American Association for the Advancement of 
Science, Southwestern and Rocky Mountain division, 
Santa Fe, N.M. (F. E. E. Germann, Dept. of Chemistry, 
Univ. of Colorado, Boulder.) 

24-28. American Ceramic Soc., Cincinnati, Ohio. (ACS, 
2525 N. High St., Columbus 2, Ohio.) 

24-28. Scientific Apparatus Makers Assoc., 37th annual, 
White Sulphur Springs, W.Va. (J. Irving, SAMA, 20 
N. Wacker Dr., Chicago 6.) 

24-29. Inter-American Cong. of Radiology, Washington, 
D.C. (E. P. Pendergrass, 3400 Spruce St., Philadelphia 
4, Pa.) 

25-26. American Soc. of Mechanical Engineers, Instru- 
ments and Regulators Conf., Ann Arbor, Mich. (C. E. 
Davies, ASME, 29 W. 39 St., New York 18, N.Y.) 

25-27. Centennial Symposium on General Education, Basic 
College, Michigan State College, East Lansing. (P. H. 
Barrett, Dept. of Natural Science, Michigan State Col- 
lege, East Lansing.) 

25-27. National Acad. of Sciences, 92nd annual, Wash- 
ington, D.C. (Secretary, NAC, 2101 Constitution Ave., 
NW, Washington.) 

25-27. Symposium on General Education, E. Lansing 
Mich. (Dept. of Information Services, Michigan State 
College, E. Lansing.) 

25-30. International Symposium on Electrical Discharges 
in Gases, Delft, Netherlands. (A. W.. van Wagensveld, 
Mijnbouwplein 11, Delft.) 

26-28. American Industrial Hygiene Assoc., Buffalo, 
N.Y. (H. F. Smyth, Jr., 4400 5 Ave., Pittsburgh 13, 
Pa.) 

26-29. International Health Cong., Bournemouth, Eng- 
land. (P. A. Wells, 90 Buckingham Palace Rd., Lon- 
don, 8.W.1.) 

26-1. International Symposium on Arid Land Problems, 
Albuquerque, N.M. 2-4 May. Conference (by invitation 
only), Socorro, N.M. (J. A. Behnke, 1515 Massachusetts 
Ave., NW, Washington 5, D.C.) 

27-29. International Conference on Nuclear Engineering, 
Los Angeles, Calif. (T. J. Connolly, Dept. of Engi- 
neering, Univ. of California, Los Angeles 24.) 

27-29. Soc. for Experimental Stress Analysis, Los An- 
geles, Calif. (W. M. Murray, Central Square Station, 
P.O. Box 168, Cambridge 39, Mass.) 

28. West Virginia Academy of Science, Fairmont, W.Va. 
(James T. Handlan, Jr., Potomac State College, 
Keyser, W.Va.) 

28-30. American Physical Soc. Washington, D.C. (K. K. 
Darrow, Columbia Univ., New York 27.) - 

28-30. Midwestern Psychological Assoc., Chicago, IIl. 
(L. J. Cronbach, 1007 8. Wright, Champaign, Tl.) 

29-30. Alabama Acad. of Science, Tuscaloosa. (H. Me- 
Cullough, Howard College, Birmingham, Ala.) 

29-30. Colorado-Wyoming Acad. of Science, Greeley, Colo. 
(O. W. Olsen, Colorado A. & M. College, Fort Collins.) 

29-30. Mississippi Acad. of Sciences, Meridian. (C. Q. 
Sheely, Box 574, State College, Miss.) 
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Depend on Clay-Adams . . . 
The preferred source of supply for leading hospitals, 
laboratories and teaching institutions. Quality 

products through leading scientific deal- 
ers everywhere. Our 216-page catalog 
describes 1161 products. 


Clay Adams 


141 East 25th Street - New York 10 


Look for these familiar trade nomes— your ossurance of quolity! 

Adams Centrifuges + Yankee Rotators + Gold Seal Slides and 

Cover Glasses - Adams Laboratory Counters + Counting Chambers 
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COMPOSITION OF SCIENTIFIC WORDS 


Rotanp Witsur Brown 
Geologist, U. S. Geological Survey 


CONTENTS: Foreword; Abbreviations and Sym- 
bols; History and Nature of the English Language; 
Nature of Greek and Latin; Transliteration; Dia- 
critical Marks; Greek and Latin Words; Formation 
of Scientific Terms; Adoption of Words; Composi- 
tion of Words; Arbitrary Creation of Words; Gender; 
Spelling and Pronunciation; Cross-Reference Lexi- 
con; Bibliography; Index. 

This new book is designed for all persons interested 
in the derivation and coinage of words, but especially 
for scientists who need new words for new concepts. 
The first 61 pages describe how words are made and 
the remaining 821 pages supply the materials and 
examples for making them. The comprehensive lexi- 
con is a two-way arrangement of English and classical 
items combined in one alphabetic sequence. Thus, 
classical roots, listed under appropriate English key 
words, can be found readily by the wordmaker. 

An indispensable tool for the scientist! 
A fine gift for an intelligent friend! 

Bound attractively and sturdily in blue cloth, 
stamped in gold. 6” x ¥’, 882 pp. 

Price $8.00 prepaid. Order directly from the 


author at U. S. National Museum, Washington 
25, D. C. 
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Outstanding 
McGRAW-HILL BOOKS 


ELEMENTS OF ZOOLOGY 


By TRACY I. STORER, University of 
California, Davis; and ROBERT L. 
USINGER, University of California, 
Berkeley. McGraw-Hill Publications in 
the Zoological Sciences. In press 


Here is a skillful abridgement of Storer’s 
very successful General Zoology, aimed at 
those courses in which a somewhat lighter 
book is desired. It is a shorter text, omits 
detailed summaries of classification and 
lists of references, but has expanded treat- 
ment of the physiology of organ systems. 
Careful attention has been given to in- 
corporating results of recent research par- 


ticularly in physiology, ecology, and evolu- 
tion. 


A synoptic viewpoint of the likes and dif- 
ferences in organ systems of animal bodies 
is stressed including the comparative dis- 
play of organs and organ systems for each 
major bodily function. There is an un- 
usually complete coverage of groups 
throughout the Animal Kingdom. Text ma- 
terial has been organized for clarity of ex- 
position at the college freshman level. Many 
new and original illustrations have been 
provided to facilitate clear understanding 
of structural features and functions in 
animals. 


GENERAL ZOOLOGY 


By TRACY I. STORER, University of 
California, Davis. McGraw-Hill Publica- 
tions in the Zoological Sciences. Second 
edition. 798 pages, $6.50 


A general introductory text for colleges 
and universities. Part One consists of gen- 
eral animal biology, including structure, 
physiology, reproduction, genetics, ecol- 
ogy, distribution, evolution, history, and 
classification. Part Two covers the animal 
kingdom from Protozoa to man, describing 
the structure, functions, natural history, 
and economic relations of common repre- 
sentatives, and a classification of each 
group. 


McGRAW-HILL BOOK COMPANY, Inc. 
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Meetings & Conferences 


April, contd. 

29-30. New England Radio-Electronics Meeting, Boston, 
Mass. (C. W. Metealf, Inst. of Radio Engineers, 52 
Chauncy St., Boston.) 

29-30 Seismological Soc. of America, Berkeley, Calif. (G. 
D. Louderback, Bacon Hall, Univ. of California, Berke- 
ley 4.) 

29-30, Symposium on Fundamental and Applied Advances 
in Chelate Chemistry, sponsored by Polytechnic Inst. 
of Brooklyn, New York, N.Y. (H. P. Gregor, PIB, 85 
Livingston St., Brooklyn 1, N.Y.) 

30. American Mathematical Soe., Stanford University, 
Calif. (E. G. Begle, Dept. of Mathematics, Yale Univ., 
New Haven 11, Conn.) 

30. New Hampshire Acad. of Science, Hanover, N.H. (H. 
W. Curtis, Thayer School, Dept. of Etec. Engineering, 
Dartmouth College, Hanover.) 

30-3. American College of Apothecaries, Inc., Miami 
Beach, Fla. (R. E. Abrams, 2173 Knorr St., Phila- 
delphia, Pa.) 


May 


1-3. American Assoc. of Colleges of Pharmacy, Miami, 
Fla. (R. A. Deno, College of Pharmacy, Univ. of Michi- 
gan, Ann Arbor.) 

1-3. American Soc. of Hospital Pharmacists, Miami 
Beach, Fla. (G. Neimeyer, 2215 Constitution Ave., NW, 
Washington, D.C.) 

1-4. American Institute of Chemical Engineers, Houston, 
Texas. (S. L. Tyler, AICE, 120 E. 41 St.. New York 
17.) 

1-5. Electrochemical Soc., Cincinnati, Ohio. (H. B. Lin- 
ford, 216 W. 102 St., New York 25.) 

2-4. American Geophysical Union, annual, Washington, 
D.C. (W. E. Smith, AGU, 1530 P St., NW, Washing- 
ton 5.) 

2-5. Research Equipment Exhibit and Symposium in In- 
strument Techniques and Applications, annual, Nationa) 
Institutes of Health, Bethesda, Md. (Supply Manage- 
ment Branch, NIH, Bethesda 14.) 

4-5. American Psychosomatic Soc., 12th annual, Atlantic 
City, N.J. (L. S. Kubie, APS, 551 Madison Ave., New 
York 22.) 

4-6. American Inst. of Electrical Engineers (Middle 
Eastern District), Columbus, Ohio. (N. 8. Hibshem, 
ATEE, 33 W. 39 St., New York 18.) 

4-6. American Meteorological Soc., Washington, D.C. (K. 
C. Spengler, A.M.S., 3 Joy St., Boston 8, Mass.) 

5-6. Soe. of American Military Engineers, 35th annual, 
New York, N.Y. (F. H. Kohloss, SAME, Mills Bldg., 
17th at Pennsylvania Ave. NW, Washington 6.) 

5-7. American Ethnological Soc., Bloomington, Ind. 
(Alice G. James, Hunter College, 695 Park Ave., New 
York 21.) 

5-7. Kansas Acad. of Science, Lawrence. (C. T. Rogerson, 
Dept. of Botany, Kansas State College, Manhattan.) 
5-7. Illinois State Acad. of Science, Carbondale. (L. E. 
Bamber, ISAS, 223 Natural History Bldg., Urbana, 

Ill.) 

5-7. Soe. for American Archaeology, Bloomington, Ind. 
(G. I. Quimby, Chicago Natural History Museum, Chi- 
cago 5, Ill.) 

5-7. Soe. for Applied Anthropology, Bloomington, Ind. 
(E. Pureell, SAA, 61 W, 55 St., New York 19.) 
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Meetings & Conferences 


May, contd. 


6. American Assoc. of Spectrographers, 6th annual, Chi- 
eago, Ill. (F. E. Stedman, Engineering Researeh Labo- 
ratory, Bendix Aviation Corp., 401 N. Bendix Dr., 
South Bend 20, Ind.) 

6. Conference for Engineers, 2nd annual, Columbus, Ohio. 
(H. A. Bolz, College of Engineering, Ohio State Univ., 
Columbus. ) 

Illinois Aead. of Science, annual, Carbondale. (L. E 
Bamber, 233 Natural History, Univ. of Illinois, Ur- 
bana.) 

6-7. North Carolina Acad. of Science, annual, Davidson, 
N.C. (J. A. Yarbrough, Meredith College, Raleigh, 
N.C.) 

6-7. North Dakota Acad. of Science, annual, Grand Forks, 
N.D. (J. Donald Henderson, University Station, Grand 
Forks. ) 

6-7. South Dakota Acad. of Science, Brookings. (A. L. 
Haines, Chemistry Dept., Univ. of South Dakota, Ver- 
million. ) 

6-8. American Psychoanalytic Assoc., Atlantie City, N.J. 
(R. L. Frank, 745 5 Ave., New York 22.) 

8-12. Soc. of American Bacteriologists, annual, New York. 
(J. H. Bailey, Sterling Winthrop Research Inst., Rens- 
selaer, N.Y.) 

9-13. American Psychiatric Assoc., 111th annual, Atlantic 
City, N.J. (W. Malamud, 80 E. Concord St., Boston 
18, Mass.) 

10. World Health Assembly, 8th, Mexico City, Mexico. 
(World Heaith Organization, Palais des Nations, Ge- 
neva. ) 

12-14. American Assoc. of the History of Medicine, 28th 
annual, Detroit, Mich. (E. H. Ackerknecht, professor 
of the history of medicine, Univ. of Wisconsin, Madi- 
son 6.) 

12-14. Virginia Academy of Science, Harrisonburg, Va. 
(F. F. Smith, VAS, P. O. Box 1420, Richmond.) 

12-19. Latin-American Cong. of Chemistry, Caracas, Vene- 
zuela. (Jose L, Prado, Edificio Industria-Puente Re- 
publica, Apartado de Correos No. 3895, Caracas.) 

13-14. American Physical Soc., New York State Section, 
Buffalo, N.Y. (L. W. Phillips, Univ. of Buffalo, Buf- 
falo 14.) 

13-14. American Assoc. for Cleft Palate Rehabilitation, 
13th annual, Boston, Mass. (A. Fox, 1653 Main St., 
Springfield, Mass. ) 

14-21, European Federation for Chemical. Engineering, 
Frankfurt a.M., Germany. (Dechema, Frankfurt A.M. 
W. 13.) 

16-18. Radiation Research Soc., Hotel New Yorker, New 
York, N.Y. 

16-19. American Assoc. of Cereal Chemists, St. Louis, Mo. 
(C, L. Brooke, Merck and Co., Ine., Rahway, N.J.) 

16-20. National Conf. on Weights and Measures, 40th, 
Washington, D.C. (W. 8. Bussey, National Bureau of 
Standards, Washington 25.) 

18-20. American College of Cardiology, 4th. annual, New 
York, N.Y. (P. Reichert, ACC, 140 W. 57 St., New 
York 19.) 

18-20, European Assoc. of Exploration Geophysicists, 8th 
meeting, Paris. (Dr. B. Baars, 30 Carel van Bylandt- 
laan, The Hague.) 

19. Maryland Acad. of Science, annual, Baltimore, Md. 
(J. W. Easter, Mt. Vernon Woodberry Mills, Merecan- 
tile Trust Bldg., Baltimore 2, Md.) 
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Just off the press: Volume 17 
ANNUAL REVIEW OF 


PHYSIOLOGY 


contains 20 reviews 
and 4569 references 


CONTRIBUTORS: 
F. C. Mann (Prefatory Chapter) 


W. S. Wilde F. Crescetelli 
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A. B. Hertzman D. B. Lindsley 
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PERSONNEL PLACEMENT 


—— ad here reaches over 32,000 foremost scientists 
the leading educational institutions, industrial 
LE. and research foundations in the U. S. 
and 76 foreign countries — at a very low cost 
CLASSIFIED: 18¢ per word, minimum charge $3.60. Use of 
Box Number counts as 10 additional words. 

DISPLAY: Rates listed below—no "Yr ie for Box Number. 
Monthly invoices will be sent on a charge account basis 
—provided that satisfactory credit is established. 

Single insertion $19.50 per inch 

7 times in 1 year 17.50 per inch 
13 times in 1 year 16.00 per inch 
26 times in 1 year 14.00 per inch 
52 times in 1 year 12.50 per inch 

For PROOFS on display ads, copy must reach SCIENCE 4 
weeks before date of issue (Friday of every . 


WANTED |i 
(a) Bacteriologist, Ph.D. ; experienced in and qualified for research 
in bacterial physiology, antibiotics, enzymes, biochemistry ; qualified 
to teach general bacteriology, dev elop courses in food and soil bac- 
teriology; three years’ industrial research. (b) Pharmaceutical 
chemist; Ph.D. ; four years industrial research (synthesis of drugs) ; 
four years, director research, large company. Medical Bureau 
(Burneice Larson, Director), Palmolive Building, Chicago. 7 


Bacteriologist, Ph.D., ten years experience in public health bac- 
teriology and veterinary bacteriology—virology. Desires oa 
and/or research or industrial research. Box 73, SCIENCE. 


Biologist. M.S., additional study in parasitology and bacteriology. 
2 years instructor in Medical Parasito' oy Desires college teaching 
position in Southeast. Box 64, SCIEN 3/18 


POSITIONS OPEN 


Abstractor: New research group of internationally prominent 
manufacturer has created vacancy for person interested in technical 
abstracting and bibliographic work in support of animal nutrition 
and veterinary medicine research projects. Give full details in first 
letter, including salary range desired. Box 76, SCIENCE. 3/25 


Assistantships. Research and teaching appointments in Bacteriol- 
ogy. Specialized research in virology, general, pathogenic, soil, food 
and dairy bacteriology. Write Department of Seaoicleay. Oregon 
State College, Corvallis, Oregon for information. 3/18, 2 


Biochemist; Recent Ph.D.—biochemistry or allied field—interested 
in nutrition and genetic problems, needed by research department 
in an eastern dental school. Experience in dentistry not required 
but interest in dental problems desirable. Salary dependent upon 
experience. Send curriculum ee recent snapshot and other 
pertinent material, Box 78, SCIENCE. 3/25 


Biochemist (Literature)—M.S. in biochemistry with major in 
biology and minor in organic chemistry to assist senior scientists 
in evaluation of scientific data. Research and Development Division 
of major Pharmaceutical Manufacturer offers advancement oppor- 
tunities and liberal penahte, Outline complete education and ex- 
perience. Box 59, SCIENCE. 


Biologist-Bacteriologist with preferably some interest in Botany 
wanted by Mount Allison University, Sackville, N. B., Canada, to 
start September 1955. Apply W. B. Stallworthy, Department of 
Biology. 3/11, 1 


Editorial Assistant for medical publisher, pre-med bectgroand plus 
editorial experience. Immediate opening. Box 72, SCIENCE x 


Embryologist: Ph.D., with teaching experience desires teaching 
and/or research in Embr physiology, anatomy, 
zoology, microtechnique, Box 71, SCIENCE. 


Experimental Psychologist, Ph.D., male, 26, married, one child. 
Primarily interested in learning, "perception, and personality; 2 
years university teaching experience; 14 publications, 5 in press; 
desires academic job with research opportunities. Box 74, SCI- 


ENCE. 2 


Medical Technician, B.S., registered, with broad hospital and 


Sermocnattel background desires a position in research. Box 79, 


Microbiologist, B.S. ; four experience; antibiotic assays, fer- 
mentations, germicides, mildew tests, Somcoleny’ Very capable— 
desires responsible position. Box 63, SCIENC 3/18 


Microbiologist, D.V.M., Ph.D., 30, virology, pathogenic bacteriol- 
or veterinary desires academic position, Bon 


Parasitologist, masters degree desires position in research, public 
ealth, hospital or teaching. 5 years experience in parasitology and 
bacteriology. Box 67, SCIENCE 3/18, 25; 4/1 


Ph.D. major: Biochemical Genetics; minor: microbiology. 4 years 
experience in microbiological research. Frplications. esires in- 
dustrial or academic position. Box 70, SCIE x 


Technician, A.B. Biology. 7 years with histology, pharmacology, 
and hematology experience in cancer, endocrinology, nutrition, 
and pharmaceutical research. Desires position with academic or 
research institution in Northeast U. S. Box 75, SCIENCE, 3/25 


Zoologist, Ph.D., 1952, cellular physiology and biochemistry, avail- 
able Saly for ‘academic or research appointment, south-east. 
Experienced in ractenative tracer, manometric and spectrophoto- 
metric techniques. ~ ll publications on tracer ghudies, oxidative 
metabolism and calcification. Box 80, SCIENCE o 


AVOID DELAY .... Cash in Advance payment 
MUST be enclosed with ALL classified ads. 
See “Charges and Requirements” 


Experienced paint formulator, trade sales, needed by well known 
West, Coast Manufacturer, bay area. Salary commensurate with ex- 
perience. Box 81, SCIENC 


Psychologist: Psychology major, 22-28, with some courses in pre- 
clinical sciences, to assist senior bio- statistician in preparation of 
case reports of clinical investigations. Research Divison of Pharma- 
ceutical Manufacturer offers interesting opportunity and comprehen- 
sive benefit program. Box 58, SCIENCE, 3/18 


Senior Research Biochemist—Research laboratory of Eastern 
Pharmaceutical Manufacturer desires Ph.D. in biochemistry or 
physiological chemistry including broad background in basic medi- 


cal sciences. Opportunity for eventual ad rative re bili- 
ties. Industrial experience helpful. Send complete record of ag 
tion and experience. Box 51, SCIENCE. 3/11, 18 


Teaching and Research Assistantships available graduate work ap- 
= toward M.A. or Ph.D, in anatomy. Write Paul G. Roofe, 
epartment of Anatomy, University of Kansas, Lawrence, ewer] 


5; 4/1 


(a) Young physician to join staff, pharmaceutical co moony 2 duties 
consist of establishing clinical investigation of new products, charge 
of all correspondence relating to new products; fluency in:German 
advantageous although translation duties not excessive. (b) Bio- 
chemist, Ph.D., qualified to do research in enzymes and possibly 
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